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PKEFACE 

I HAVE first of all, at Professor Ziegler's request, to say 
something with regard to the German original of the 
text-book now oflfered to English students. His first 
design was to bring out a new and revised edition of 
Foerster 8 well-known manual of Pathological Anatomy. 
But as the revision went on, it became clear that the 
present state of our knowledge of Pathology could not be 
fitly represented without recasting and almost rewriting 
the whole work. It was therefore thought better that 
he should undertake an entirely new text-book, in which 
the subject should throughout be treated from a modem 
point of view. The great success of the first edition in 
Germany would seem to show that such a book was 
needed, and that the authors manner of treating the 
subject was approved by teachers of Pathology. 

Professor Ziegler explains that a great part of his text 
is baaed upon observations made or verified by Himself. 
Where he has drawn upon other sources he has carefully 
cited the needfiil authorities. "I am not blind to the 
fact/' he adds, " that my statements and criticisms may 
bear too strongly the mark of my own personal views, 
and that these views may not be readily accepted by all 
pathologists. But I have nevertheless held it wiser not 
to introduce much matter of controversy into the text of 
a treatise intended mainly for students. Experience 
leads me to believe that the learner gains a readier and 
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surer grasp of his subject when it is first presented to 
him as a uniform and coherent system of doctrine, even 
though the teacher's statement of it should border on 
the dogmatic. Once this grasp is gained it is easy for 
the more advanced student to master and to appreciate 
other theories and doctrines. I have given in smaller 
print full references to the literature of each subject 
discussed, and I have added such indications of its 
bearing as may prove useful to those who are engaged 
in pathological research." 

The present English version was begun a year ago, on 
the basis of the first German edition. At that time 
there seemed to be no near prospect of a second German 
edition. In the first I found a considerable number of 
details which needed amendment or amplification in order 
to fit the book for the use of English students. The 
author very generously admitted my criticisms, and gave 
me full leave to make such changes as I might think 
useful. The work was well advanced, when a new 
edition of the first part was called for in Germany, and 
presently appeared. It embodied most of the improve- 
ments we had agreed upon, together with valuable 
additions. These I ha.ve now made full use of, so that 
this volume corresponds throughout to the second German 
edition. The matter in small print has had my special 
care, and I have verified a very large number of the 
references. The original contains few allusions to 
English or French memoirs; I have therefore made it 
my duty to add full notices of such as throw light on 
the subjects treated in the text, choosing both original 
contributions and papers serving as a clue to previous 
work. This feature, and the careful revision of the main 
text, will I trust help to make the text-book useful to 
English workers in Pathology, even though they may be 
familiar with German. 



PREFACE. IX 

The first part — on General Pathological Anatomy and 
Pathogenesis — is now published. It is practically com- 
plete in itself, and on some subjects such as Malforma- 
tions, Inflammation, Aetiology of tumours, and Bacteria, 
it gives a fuller account of modern teachings and dis- 
coveries than has yet appeared in any English manual. 
The second part — on Special Pathological Anatomy — is 
in course of publication in Germany. It is hoped that 
the English version of this part may be ready soon after 
the German edition is completed. 

I owe more than I can well express to the kindnesa 
of Professor Klein ; he has read through the proof-sheets 
of this volume, and has sent me many very useful 
suggestions and criticisms. Without his encouragement, 
and that of Professor Greenfield, I should not have 
ventured to undertake the work. I would also gratefully 
acknowledge the willing help I have received fi'om my 
friends Professor Cossar Ewart, Dr J. F. Payne, and Dr 
S. H. Vines ; and from one whose loss I shall never cease 
to feel — ^Frank Maitland Balfour. 

The beautiful drawing of tubercle-bacilli, somewhat 
inadequately represented by Fig. 80, was kindly sent me 
by Dr Heneage Gibbes, of King's College, London. 

In the multitude of references given I can hardly 
hope to have escaped all error. Any corrections or 
queries which may reach me shall therefore have my 
grateful attention. 

DONALD MACALISTER 



St John's College, Cambridge, 
December 1882. 
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Life is known to us only in the concrete. It is indissolubly 
bound to a material substance. This substance, the basis of all 
the vital processes, is fashioned out of cells and their derivatives. 
All living organisms are made up of cells and cell-derivatives. 
The cell by itself appears originally as a microscopic mass of pale 
slimy finely-granular matter, the so-called protoplasm. It usually 
cont^ns within it a nucleus, that is to say a structure like a tiny 
vesicle, whose form may be round, oval, rod-like, or irregular, and 
in whose interior we can make out by proper handling (1) small 
definite bodies, the nucleus corpuscles, (2) a net-like framework 
of nucleus substance, and (3) a clear fluid, the nucleus juice. 
The young cell is at first naked. Only in its maturer stages does 
it develope on its surface an optically distinct membrane or other 
structure according to the special tissue of which it forms a part. 

The vital activity of the cell is of a threefold kind. It is 
directed in part toward its self-preservation, in part toward its 
propagation, and in part toward the ordering of its outward 
relations. ViRCHOW distinguishes these severally as the nutritive, 
formative, and functional activities. Many of the functions of the 
cell (including the chemical changes which always accompany 
them) cannot be directly observed and are only to be made out by 
their effecta Others again like motion, growth, and multiplication, 
can be observed in proper specimens under the microscope. 

Every cell whether it be isolated or joined with others is 
influenced by the nature of its environment. This may work 
either to further or to hinder some or all of the functions of the 
celL To a certain extent indeed the cell may exist unaffected by 
this influence in virtue of its own inherent properties, but the 
range of this independence is very limited. Let the external 
conditions deviate from the normal by more than a certain small 
amount and disturbances of the cell-functions at once show them- 
selves. These disturbances may amount to the complete arrest 
of all signs of cell-life or even to the utter destruction of the cell as 
such. 

1./ M. 1 



2 INTRODUCTION. 

An Amoeba observed in a suitable liquid under the microscope 
manifests its vital activity by altering its form. It sends out 
fine prolongations from its pale finely-granular body-protoplasm. 
It fixes one or other of these to some object in its neighbourhood. 
Then its main mass flows towards them and blends with them 
again. If there be any fine particles suspended in the liquid and 
these happen to come within reach of the amoeba as it moves 
forward, the animal flows round about them as it were, and so 
takes them up into its substance. 

Let us now change the external conditions by raising the 
temperature a few degrees. The result is that the movements, 
hitherto perhaps slow and languid, at once become more lively — 
the vital activity of the cell is increased. Raise the temperature 
higher still — the movements gradually cease. At a certain degree 
of warmth the cell becomes quite stiff and still, and only when the 
temperature is allowed to sink to its former level do the original 
movements gradually re-appear. 

By cooling down the liquid we bring about a like result. The 
cell gradually ceases to move and becomes a mere inert globule. 
When the temperature is again raised it regains its power of 
movement. 

Now add to the liquid a concentrated solution of common 
salt — the cell becomes turbid and shrivels up, its outline becoming 
irregular. Or pass a constant galvanic current through the 
liquid — the cell takes on a spherical form, becomes inflated, loses 
its fine granulation, becomes a mere vesicle with clear contents, 
and finally bursts. 

These experiments show in clear and simple fashion how in 
consequence of changes in the external conditions the manifesta- 
tions of life in the cell also change. The change may take the 
form of temporary increase, or of temporary diminution and arrest, 
or of permanent c^sation. When the cell bursts we cannot 
pretend to doubt that it has ceased to exist as a cell : it is in fact 
dead. Even the shrunken salted cell, though its structure may be 
less affected, must still be regarded as dead, for in no way can we 
succeed in again obtaining from it any manifestation of life. 

Permanent cessation of all the functions of the cell is what we 
mean when we speak of its death ; even though at first sight the 
anatomical structure of the cell is not destroyed. 

But in the first experiments the case is very different. When 
the temperature is raised or lowered in a moderate degree, only 
one of the cell-functions is suspended, the function of movement. 
The nutritive activity persists : hence it is that on readjustment of 
the temperature the motor activity is re-established. This cannot 
be spoken of as death. A condition in which there is not cessation of 
all the functions but only a partial suspension, diminution, increase, 
or alteration of any kind in some of them we distinguish as a mor- 
bid or diseased condition. The notion of disease is thus at the 
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outset a physiological notion. We infer it primarily from the 
appearance of some abnormality among the accustomed manifesta- 
tions of life. Disease is not an entity, capable of personification, 
of being placed in antithesis to health. The term health merely 
denotes tnat the vital functions are being performed in a manner 
which experience has taught us to regard as normal. So by disease 
we merely imply a phase of life whose manifestations deviate in 
some way from the normal type. 

Restoration of the functions to the normal type is recovery : 
cessation of all function is death. 

The causes of the diminution and extinction of a cell's vital 
activity may be internal as well as external. No cell is endowed 
with the power of living on indefinitely. Certain cells or rather 
unicellular organisms, it is true, have the power of producing a long 
line of descendants merely by continual subdivision of their own 
substance, and in this way their vital activity appears to persist 
for an indefinite time. But life protracted after this fashion has 
also its limits. In the first place, it is unlikely that all the cells 
derived by subdivision from the mother-cell should receive at their 
birth exactly the same share of vital energy. Granting then that 
in the process of derivation an unequal transmission of the vital 
properties of the mother-cell to the daughter-cells is possible, we 
must also admit that the less-favoured descendants must sooner or 
later fail in their power to overcome the normal agencies antago- 
nistic to cell-life. But even if this be denied, the life of the cell 
becomes at once finite so soon as we pass from the simplest unicellu- 
lar organisms to higher multicellular forms. When division of 
labour is set up within the organism, and the production of new 
individuals is no longer a function shared in by all the parts of it, 
then it follows of necessity that some of the parts, some of the 
constituent cells, must be destined to perish. 

How long a cell can live cannot in general be exactly determined. 
It depends on the properties transmitted to it from the mother-cell. 
We may say broadly that a cell's life is shorter in proportion as it 
stands higher in the scale of development, and as its properties are 
more specialised. Thus for example the ganglion-cells and gland- 
cells of one of the higher animals are always short-lived, and often 
fail to produce any progeny at all. On the other hand the 
number of cell-descendants of a vertebrate ovum, or of an amoeba, 
is indefinitely large. 

The death of a cell depending thus on internal causes is a 
physiological death. The gradual extinction of function which 
ushers it in does not fall within the category of disease : it is a 
phenomenon of age in the cell, a senile change, a senile retro- 
gression. 

Unlike this senile extinction of the vital processes a true disease 
is not a consequence of the indwelling and' inherited properties of 
the cell. The efficient causes of a disease are always external. 

1—2 



4 INTRODUCTION. 

In the observations we made on the amoeba it was heat or cold, an 
altered surrounding medium, or the galvanic current, which 
brought about disease and death. All these noxious influences 
are derived from without. And what we have here remarked in 
a single instance experience shows us to be universal. Autonomous 
as the cell may seem, it is yet unable without external impulsion 
to heighten its functions above the physiological standard, or on the 
other hand to check or to suppress them. We can therefore give 
a still more exact definition of the notion of disease. By the term 
disease we are to understand a deviation of some of the 
vital manifestations from the normal, the deviation being 
conditioned by external influences. 

But in considering disease as thus defined we must not limit 
our attention to the case of a single individual, or we shall find 
our dictum contradicted by everyday experience. If we could 
observe under the microscope the successive generations of a 
unicellular organism, and follow with certainty the life-history of 
each, we should come upon individuals whose functions were 
abnormally performed, and that although it might be impossible 
to detect any injurious external influence at work. We should 
then have to confess that the abnormal behaviour was here, as in 
senile retrogression, conditioned by intrinsic properties. This 
would in fact be true, yet it would not contradict the above 
proposition — that disease can only arise through changes in the 
external conditions. If we had had before us a complete series of 
the cell's ancestors, and had noted all the phases of their lives, we 
should have found that the morbid phenomena of the last cell, 
though not immediately traceable to external influences, had yet 
already appeared in some of the foregoing generations. And there 
we should have found that external conditions existed which 
exercised a disturbing influence on the cell's life. 

The morbid condition of the last cell then had not its origm in 
the cell's own lifetime. It was acquired from the mother-cell 
along with existence itself: the cell inherited it. We must thus 
distinguish inherited from acquired diseases. 

What we have hitherto said of morbid life and death applies 
primarily to the individual cell. But the organism with which 
the physician and the surgeon have to deal is not unicellular. 
The human body is built up of millions of cells, and these cells 
differ one from the other in their morphological as well as in their 
physiological properties. Among unicellular organisms each single 
cell must exercise all the functions of life: but in many-celled 
organisms the principle of the division of labour is carried to a 
high de^ee of completeness. Different cell-groups have built up 
organs differing utterly in form and substance; even the component 
cells of the same organ are not all of the same nature. Notwith- 
standing this, we have no reason to suppose that what is true of 
the single cell is not also true of the various cell-groups. 
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The life of the entire organism as well as of the several organs 
is bound to the component cells : it is the activities of the latter 
which we perceive and accept as the manifestation of life. As 
disease of the unicellular organism is but abnormal action of the 
single ceil, so human disease is but abnormal action of a multi- 
plicity of cells. 

Naturally the question becomes now much more complex. 
With the multiplication of the cellular elements, with their 
differentiation into diverse organs, arises the possibility of local 
disease. Nay it is all but inconceivable that, when the complex 
human organism is invaded by disease, each and every cell should 
thereupon simultaneously err from its normal function. As a 
fact experience shows that every disease has its local seat or seats : 
in other words it is not the entire organism which is diseased, but 
only some of its organs, or only individual cell-groups forming 
parts of organs. We speak therefore of organic and of local 
diseases. Which cell-groups become affected in any special case 
depends upon two factors : on the one side upon the external 
causes in operation, on the other upon the physiological nature of 
the tissue affected. A given injury does not affect every cell in 
the same degree. The vital properties of the cells of multicellular 
organisms are highly diverse, and so also is their power of resisting 
diverse influences. An injury that does not affect in the slightest 
the functions of one cell-group or organ may produce grave 
disturbances in those of another: a different injury may paralyse 
the tissues in one region, and in another stimulate them to 
increased activity. This difference in behaviour can depend only 
upon causes inherent in the cell and arising from its specific 
properties. It is the evidence of a specific predisposition of 
individual tissues to specific disorders. 

On the other hand the influences which can injuriously affect 
the organism as such are innumerable, and the manner as well as 
the seat of their operation exceedingly vaiious. 

If then we duly regard the great variety of the causes of disease 
on the one hand, and on the other the equally great diversity of 
structure and therefore of predisposition among the tissues, we 
shall not be likely to under- estimate the difficulty that in most 
cases meets us when we try to determine the nature and the origin 
of a disease in man. 

Here also it is true that the ultimate cause of disease is 
external ; but the place and time and manner of its operation are 
far harder to determine than in the case of unicellular organisms. 
Sometimes it may be quite impossible to fix the ultimate deter- 
mining factor, especially when an organ is attacked only in some of 
its elements and its functions are thus but slightly or imperceptibly 
anected. 

There is still another fact to be considered — the propagation 
of disease from one organ to another. It often happens that an 
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injurious agency which at first produces a morbid disturbance in one 
organ only, in its further progress invades another. This is brought 
about either by direct transition from one organ to its neighbour, or 
by actual transport of morbific matter through the bloodvessels and 
lymphatics to remoter regions. For example, a poison introduced 
into the intestine may be able to produce local disorder there ; but 
if it be absorbed into the blood and so be carried to the various 
organs, it may further have the power pf exciting grave functional 
disturbance in the brain : a different poison may leave the brain 
alone and influence the kidneys, and so on. 

But this propagation of disturbance may take place in another 
way. Defective performance of its function by one organ is not 
always without influence upon other organs. A morbid condi- 
tion of one very often involves the like in another. Thus disease 
of the liver and bile-ducts may throw back the secreted bile 
into the bloody and this impure blood will tend to inhibit the 
action of the heart. Again disease of certain ganglion-cells in the 
spinal cord is followed inevitably by the atrophy of certain muscles. 
Failing action of the kidneys may bring on the general affection 
called uraemia. Imperfect action of the lungs may bring on 
serious changes in the action of the heart. 

Next to external influences heredity plays an important part 
in the genesis of disease. Unfortunately its influence is not easy 
to estimate ; and it is often difficult, often impossible, to distinguish 
the inherited from the acquired. 

The human organism takes its rise in the maternal propagation- 
cell, the egg ; and its development dates from the instant when in 
the act of impregnation the egg receives a specific stimulus from 
the paternal spermatozoa. The impulse thereby communicated 
manifests itself by cell-division and proliferation. According to 
the laws of heredity, the properties of the paternal and maternal 
organisms are transmitted to the child that is to be; and it is 
hence probable a priori that morbid conditions of the parents may 
be likewise transmissible to the child. This as a matter of fact is 
the case. The transmission shows itself in two ways. In the first 
place there are actual diseases, such as syphilis, which are bequeathed 
by the parent to the child. They are such that even in the womb or 
shortly after birth, or later still in life, they make their appearance 
in like fashion with the parental disease and without the inter- 
currence of fresh injury from without. Such are inherited diseases 
in the narrower sense of the term. They originate in a diseased 
condition of the ovum or spermatozoon which is transmitted to 
their cell-progeny, or in a direct transference of some morbific 
agent from the tissues of the father or mother into those of the 
newly-generated organism. In the higher groups of animals the 
latter mode of transmission is the most likely one, and it has been 
actually demonstrated in certain special cases. They are not 
common. 
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More common than inheritance of a definite disease is in- 
heritance of a morbid predisposition. By this is to be understood 
a certain debility of an organ or a tissue, not easy to define more 
exactly. This debility has arisen in the parents in consequence of 
some primary or inherited disease in them. In such cases an 
external cause is required to bring about the development of actual 
disease, and it is by no means necessary that the disease when it 
appears should be of exactly the parental type. 

Inherited predisposition is oftenest observed in connexion with 
nervous disease, and just in this region is best exemplified the fact 
that the type of disorder need not be the same in the child as in 
the parent. It is probable that the external or determining causes 
have an influence in this modification of type. 

Distinct from inherited disorders are those which the foetus 
acquires within the maternal organism after conception. It is 
true that the foetus is protected by the sheltering womb against 
manifold injuries to which in later life it becomes exposed. But 
it must not be forgotten that in this season of development, and 
especially in its earlier stages, its constitution is far frailer than in 
the mature condition. Nor must we leave out of account that its 
intimate relations with the maternal organism are in themselves a 
source of danger. Local changes in the uterus or in the foetal 
membranes, and disorders of the mother generally, must obviously 
have an iDfluence on the development and life of the foetus. 
Experience proves indeed that the child in utero is subject to 
many and various diseases, and often enough perishes unborn. 
Certain diseases of the mother, such as small-pox, are directly 
transmissible to the foetus. Others inevitably involve its death. 

As above said, local changes in the uterus and in the foetal 
membranes.may also produce disturbances in the growing organism. 
To the investigator these do not show themselves primarily as 
disturbances of function: in the most favourable case he may 
perhaps be able to distinguish an abnormality in the movement of 
the heart or the action of a muscle. All that he finds on 
examination is the anatomical effect of the disturbance. 

The foetus is an organism whose function is to grow. If any 
one part of the developing organism meet with an injury, or if by 
any means a local disorder anywhere arise, the consequence is a 
local disturbance of the process of growth. If in other respects 
the foetus developes normally and ultimately comes to be bom, we 
shall find a corresponding abnormality in the conformation of the 
affected part This may consist either in a defect, an overgrowth, 
an imperfect closure, or a misformation. 

When the form or structure of a member deviates in this way 
from the normal, we describe it as a congenital malformation. 
It is the effect of a morbid process in the period of intra-uterine 
development, and may concern the whole or a part of the organism 
or of any one of its organs. Inasmuch as it is the effect of intra- 
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uterine disturbance it is to be distinguished from acquired defect, 
mutilation, malformation, or overgrowth. The latter conditions 
arise in virtue of injuries sustained by the organism after it has 
become independent of the mother. 

The question now arises, What are the special questions which 
fall to the lot of Pathological Anatomy in the investigation of 
morbid processes? Disease is nothing but a phase of life, in 
which one or more of the physiological processes is running an 
abnormal course. Is it then possible that the problems of life in 
disease can hopefully be attacked by anatomical methods? The 
observations that can be made during life upon diseased tissues 
such as the skin, the epithelia, the eye, show that these methods 
are practicable; and tne experience gained at the post-mortem 
table, from the microscope, or through actual experiment, confirms 
after death the conclusions drawn from the living subject. AU 
these show that anatomical tissue-changes lie at the bottom of the 
morbid phenomena observed during l^e: and that these tissue- 
changes are for the most part still recognisable after death. In 
other words they supply the justification for our previous postu- 
late — that the diseases of man have always a local seat in some 
definite cell-group. Thus the primary and peculiar function of 
Pathological Anatomy is — to investigate with all possible exact- 
ness and detail the tissue-changes which are involved in the 
various forms of disease. 

The information gathered in this field is already plenteous and 
important. Formerly diseases were of necessity classified symptom- 
atologically ; their names connoted certain groups of outward 
symptoms. Now, thanks to pathological anatomy, we are able to 
arrange them according to anatomical characteristics. We find 
this classification justified in practice by the constant recurrence of 
well-marked and specifically distinct anatomical changes in diseases 
whose whole course and character prove them to be in fact 
specifically distinct. 

It cannot be gainsaid that as yet Pathological Anatomy has not 
succeeded in supplanting the clinical or symptomatic order of 
ideas. It is not yet possible in all cases to connect the morbid 
action of this or that organ with definite anatomical changes. We 
still must use the terms ' epilepsy,' ' diabetes,' to distinguish certain 
disorders ; but that only implies that we are not yet able to replace 
the clinical conception by an anatomical one. It by no means 
implies that the several diseases are not dependent upon local 
changes in some special tissue or cell-group. 

Irom the fact that we are sometimes unable to discover the 
seat of an affection we can only infer one of two things. Either 
the diflSculties in the way of discovery are so great that we can 
only in certain favourable ccises, not yet met with, succeed in 
overcoming them : or, that the tissue-change we are seekfug eludes 
our optical appliances, inasmuch as it is not a change of gross 
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structure, but one of chemical constitution and metabolism. This 
latter must at any rate be true of a vast number of trifling 
functional disturbances, whose transitory nature and slight in- 
tensity almost exclude the idea of a recognisable physical alteration 
of structure. 

The various morbid tissue-changes which allow us in some 
measure to infer from the dead body the functional disorders 
experienced in life are either macroscopic or microscopic. A 
skilled eye can gather a great deal by mere inspection : and in 
this way a large number of diseases can be diagnosed on the 
post-mortem table. Still it very often happens that naked-eye 
inspection is insufficient : and it would in reality be much oftener 
so, if in previous similar cases the microscope had not already 
yielded us necessary information touching the minuter changes and 
the processes they involve. 

Morbid changes have their seat in the cells, and in their deriva- 
tives the intercellular substances. It is therefore indispensable to a 
right understanding of these changes to call in the help of the 
microscope, and with it follow out the cellular and intercellular 
processes. 

As a fact the microscope has in countless cases thrown an 
utterly unexpected light upon these processes, and the enormous 
advance of pathological anatomy in the last quarter of a century or 
so has been brought about simply by the exact attention bestowed 
upon them. ViRCHOW it was who inaugurated this new method 
and established it on a firm basis. Microscopic examination of 
cellular and intercellular changes, in connexion with naked-eye 
post-mortem examination, still remains the foundation on which 
our knowledge of disease and its nature must be based. 

The amoeba, which under changed conditions of life becomes 
languid and finally dies, undergoes before the last event certain 
visible changes. These enable the observer to follow the process 
of dissolution if not completely at least through all its more im- 
portant stages. It is plam that a simple experiment of this kind, 
made on a single cell, can exhibit but a fraction of the normal and 
pathological processes that take place among the cells, cell-colonies, 
and cell-derivatives of complex organisms. The cellular processes 
which underlie the various diseases are extremely manifold and 
extremely diverse. He who tries for the first time to penetrate 
deeper into their nature, and to educe the significance of the 
changes he observes, will hardly be able to accomplish at once 
his designs and desires. He must first become familiar with the 
essential facts of the subject, which have been gathered and sifted 
out by the fundamental investigations of ViRCHOW and the labours 

of FOERSTER, VON RECKLINGHAUSEN, KlEBS, CoHNHEIM, EbERTH, 

RiNDFLEisCH and many others. 

The outcome of their labours is — that pathological processes fall 
into four great groups. If we follow the morbid processes in the 
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order in which they attack the individual organism from its first 
beginning to its end, we naturally direct our attention first to those 
which affect its development. 

The human being originates from a single cell by a process of 
continued ccll-di vision . If for any reason a cell-group is not 
formed which naturally should be formed, the member or organ 
normally developed from this group w^ill be lacking in the mature 
organism. A malformation is the consequence ; and it is greater 
or less according to the number of cells undeveloped, and more or 
less obvious and striking according to the degree in which the 
symmetry and harmony of the whole is disturbed. When a struc- 
ture is thus lacking or incomplete it is described as a Hypo- 
plasia or Aplasia, 

The second kind of morbid change ends also in defect of struc- 
ture ; not however through interference with growth, but through 
the destruction or degeneration of parts already formed. This may 
of course occur in the embryonic stage, and result in aplasia, or it 
may take place at a later stage as atrophy. These destructive or 
degenerative processes are not always ahke: they may be rapid, or 
they may be slow aud gradual ; they may sometimes be extensive 
and obvious, sometimes strictly local and not at once perceptible. 
Changes of this kind are included under the term Retrogression 
or Regression. 

In antithesis to these stand other processes distinguished as 
Progression, Overgrowth or Hyperplasia. As the names in- 
dicate, the characteristic of these changes is an abnormally active 
growth, a too abundant cell-production. When they occur during 
embryonic life we have produced the so-called Monstra per excea- 
sum; in other words we have structures excessive in relative size 
or duplicated. When they occur at a later stage, in the growing, 
stationary, or declining periods of life, they result in overgrowth of 
the oi^anism as a whole, or of single organs or their parts, or lastly 
in so-called tumours. We may describe such changes as con- 
structive or formative. Constructive and retrogressive disturb- 
ances of nutrition are not to be regarded as wholly without 
correlation. On the contrary, progressive processes not infrequently 
succeed to retrogressive ones, the object here being, if we may speak 
teleologically, to replace parts which have been Tost. In this case 
the process is described as Regeneration. 

A fourth type of morbid tissue-change is that known as Meta- 
plasia. Metaplastic processes are such as lead to the transforma- 
tion of one species of tissue into another. Sometimes they are 
retrogressive in character, sometimes rather constructive. The 
most important and most striking instances of this form of tissue- 
change are afforded by the cells. But the intercellular, substances 
may also, and not infrequently, undergo more or less complete 
metamorphoses. Thus although we chiefly turn our attention to 
the cellumr processes as after all the most essential, we must not 
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altogether leave out of account the behaviour of the intercellular 
substances. It is needful to note this, for the nature and condition 
of these substances have certainly some influence on the life of the 
cells themselves. 

In each of these processes, retrogressive, constructive, and meta- 
plastic, the condition of the circulatory system is of special im- 
portance. The regular and normal fulfilment of the function of 
circulation is essential to the maintenance of a tissue in its normal 
state. Disturbances of the circulation quickly bring about dis- 
turbances of function and changes in the tissues. Disturbances 
of the circulation play a distinct and highly important part in the 
process known as Inflammation. Unless we desire to limit this 
term to a single stage of the entire process, we may indeed say 
that the characteristic phenomena of Inflammation are those con- 
nected with the circulatory mechanism. 

Pathological Anatomy has not fulfilled all its task when it has 
investigated the morphology of morbid change in cells and 
tissues. It must go on to determine the genesis, and the causa- 
tion of morbid processes. 

If we would obtain a satisfactory insight into the significance 
of the special changes that come before us, we must make it a 
first principle to compare these changes with each other, and with 
the known facts of physiology bearing on tissue-formation and 
degeneration. As our present ideas of the origin of specific forms 
of life only became possible after we had subjected animals to 
comparative examination and acquired an exact knowledge of 
their embryology, so also must we study disease comparatively and 
investigate with exactness the processes of histogenesis, if we are 
to attain a satisfactory understanding of morbid phenomena. The 
appropriate objects for investigation will in the first instance con- 
sist of the morbidly altered tissues taken from the human subject : 
but there will remain many qnestions for whose complete answer 
we must needs have recourse to experiments upon animals. The 
profound importance of these we may gather from the feu^t — that 
our knowledge of such diseases as can be artificially produced io 
animals is far more complete and thorough, than in the cases where 
the artificial methods have as yet failed us. 

A knowledge of the aetiology of the several forms of disease is 
of the very highest import It is beyond dispute that a perfect 
understanding of the causes of disease and their mode of action is 
the end and goal of all research in morbid anatomy; and it is the 
clear duty of pathologists to devote their energies to its attainment. 
If we could but define a disease, not according to its symptoms 
or its morbid anatomy, but strictly by referring it to its causes, we 
should gain far more than a clear comprehension of the affection ; 
we should have done much to settle the therapeutic treatment 

It has long been known that certain diseases arise in conse- 
quence of the settlement of certain plants and animals in the 
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human organism. Only of late years have we learned that the 
domain of these parasitic disorders, as they are called, is of wide 
and far-reaching extent. Formerly we were acquainted with such 
vegetable and animal parasites only as are relatively large in size 
and easy to detect : in the last twenty years our improved optical 
instruments have made us aware of a great number of minute and 
hitherto unperceived species of parasitic organisms. The Schizo- 
mycetes, or Bacteria, especially have been recognised in recent 
years as the causes of certain most grave diseases. The obser- 
vations now before us make it probable that the 'bacterial' 
aflfections are very widely diffused. These investigations are of 
deep interest, and have vastly increased our store of facts concern- 
ing the diseases in question. It must not however be forgotten 
that the study of parasitic fungi can only make real and well- 
grounded additions to our knowledge of the associated diseases, 
can only in any measure yield us a true theory of them, can only 
lead us to a full understanding of the entire morbid process, when 
it has succeeded in making out the manner in which the fungi 
act, and the causal relation existing between fungus and disease. 

Fungi have been detected in a large number of diseases, but 
only in a few cases have we gained an insight into their mode of 
affecting the organism. The mere presence of a fungus in the 
system cannot be described as disease. Disease only begins when, 
owing to the presence of the fungus, changes take place in the 
tissues of the organism which induce disturbances of their functions. 
Here then a wide field lies open to research. The detection of 
fungi in the diseased organism is but the first step towards dis- 
covery of the cause of the disease and its mode of operation. It is 
a long way from this first step to the full and complete explanation 
of the entire process. This hiatus in our knowledge must not be 
too little thought of The smallest contribution to the filling up 
of the gap is at least as welcome aS*the discovery of a new fungus, 
— perhaps even more welcome. The pathologist must keep his 
attention well-fixed in this direction. Even though it may lie 
beyond his present powers to follow the processes in which morpho- 
logical change is no longer detectible, and molecular transformation 
recognisable only by the chemist takes its place, there nevertheless 
remains a vast region still accessible to his means of research. 
In dealing with fungi we have to do with formed elements, with 
cells in fact. The changes they produce are changes in cells and their 
derivatives: and in so much as relates to cellular processes and 
changes in formed protoplasm we have matter within the scope of 
anatomical investigation. 

The path along which aetiological research has to proceed is 
twofold— examination of the altered human organ on the one 
hand, experiment on the other. The former in this case cannot 
lead us to much. Experiment is by far the more promising way. 
If a given fungus-disease can be produced in animals, it becomes 
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at once possible to follow its spread and operation step by step : 
we are limited only by our instruments and modes of examination. 
It is thus in our power, in comparatively short time, to acquire 
information which not even centuries of post-mortem investigation 
would suffice to educe. This method of research is confessedly of 
somewhat limited reach. To say nothing of the technical difficulties 
which meet the investigator, the number of microparasitic diseases 
capable of transmission from man to the lower animals is small ; 
or they run a course so different that their identity is not easily 
established. For such diseases therefore we are compelled to forgo 
this valuable aid. If we will not decline the task altoorether we 
must adopt another method; we must endeavour to make out 
experimentally the biological properties of the several fungi, as they 
are found in the human body. If we are successful, we have made 
it at least possible to form an idea of their mode of working 
upon the system. Of recent years both methods have led to 
brilliant results. 

But there are sources of disease other than parasitic — such as 
high temperature, cold, chemically active substances, &c. These 
must not be overlooked. Though they are for the most part not 
themselves amenable to anatomical methods, their effects upon 
the tissues are. 

Knowledge of the morphology, the genesis, the aetiology of 
morbid changes is thus the aim and object of pathological anatomy. 
Its methods are post-mortem examination, direct or microscopic, on 
the one hand ; experiment on the other. 

On comparing the domain of the pathological anatomist with 
that of the clinical observer, it will not escape our notice that 
there is a gulf betwixt them. One has to do with death, the other 
with life : one with what has been, the other with what is and is 
to be. To bridge this gulf is the task of pathological physiology : 
hers it is to bind into one the scattered facts which pathological 
anatomy has gleaned ; to discover and make sure the link that 
connects the morbid change with the disordered function. Stand- 
ing with firm foot on the ground of anatomical research, and leaning 
on experiment as her staff, it is her part to explain to the physician 
the phenomena he has observed at the bedside of his patient. She 
analyses the complex of clinical phenomena into its elements, and 
from them reconstructs the natural types and species of disease. 
Through her mediation anatomical research joins hands again 
with practical medicine. 
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GENERAL CONSIDERATIONS. 

I. By congenital malformation we mean an anomaly in 
the form and make of the body as a whole, or of individual parts 
of it, referable to a disturbance of normal intra-uterine develop- 
ment. The degree of malformation may be very different in 
different cases. When the deviation from the normal is slight, 
affecting perhaps only a single part, we speak of it as a simple 
anomaly. The term malformation is not usually employed unless 
the misformed part or organ seriously disturbs the balance and 
harmony of the bodily form as a whole, seeming in fact to be ill- 
matched with the rest of the organisation. When the deviations 
from the normal are very considerable the affected individuals are 
spoken of as monsters. 

Monsters fall into two great groups — the single and the double. 
In single monsters we have malformation occurring in a single 
individual. One or more parts of the organism may have been 
arrested in growth, and are therefore incomplete or wanting : thus 
we have monsters by defect {monstra per defectum). Or the struc- 
ture and disposition of the parts may deviate from the normal, 
and thus we get monsters by perversion (monstra per fahricam 
cUienam). 

Double monsters are of several kinds. Two nearly similar 
individuals may have one or more parts in common ; or a properly 
formed individual may have attached to it the ill-developed body 
of a second as an appendage ; or lastly particular members may 
be doubled, or simply exaggerated in size {monstra per excessuw). 

The literature of malformation is rich both in comprehensive treatises and 
in accounts of individual cases. The following sketch is based on the works of 
FoERSTER {Die MisshUdungen des Menschen Jena 1865); Gdrlt (Article 
Monstrum in the Encydopddisches W&rterbuch der medvcinUchen WiMefnMhaften^ 
vol. 24 and Virck. Arch, voL 74) ; Ahlfeld {Die MisibUdungen des Menschen 
Leipzig 1880) ; and Perls {Lehrbuch der dUgemeinen Pathologie, Part ii, 1879). 
Foerster, Qurlt and Ahlfeld give summaries of the ancient and modem 
literature of the subject. The student may also consult Vrolik's article on 
Teratology in Toddle Cyclop, of Anatomy ^ and Lowne's CaXaXogut of TeratO' 
logical JspecimenSy Boy. Colt, Surg, London 1872. 

2—2 
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2. The human organism is developed from the ovum. This is 
a cell of definite and regular structure, which is set into activity by 
the impulse of impregnation. The rudiments of the several parts 
are produced by continued segmentation of the primordial cell. 
The morphological form of the embiyo begins veiy early to appear, 
and depends ultimately on certain regular evolutionary processes 
which the several rudimentary organs undergo. These processes 
are histologically recognisable as lateral or central proliferations of 
the cell-complex, and the resulting outgrowths forthwith become 
differentiated into specific forms. The factors determining the 
special direction development is to take do not, in the first 
instance at least, lie in the external relations of the ovum, in its 
environment. They are rather to be sought in the inherent and 
inherited properties of the segmentation-cells. But at the same 
time the external relations are not without influence on the 
subsequent course of development. If these are abnormal, the 
process of embryonic growth may be thereby altered, arrested, or 
perverted. 

Theoretically speaking the origin of a malformation may be of 
either of two kinds. On the one hand, the primary rudiment (in 
other words, the ovum) may have inherited a tendency to abnormal 
growth ; on the other, a normal embryo may in the course of 
development be affected by disturbing influences from without 
which check its progress towards the perfectly developed form. 
Experience indicates that both events occur. 

The recurrence of hereditary malformations in a family (such 
as excess of fingers or toes) can only be explained by the supposition 
that the abnormal tendency exists from the first in the embryo, 
having been transmitted to it from one or other parent. On the 
other hand the absence of one or more limbs, deficiency of the 
cranium, &c., observed only in isolated cases, are to be accounted 
for in a satisfactory way only by assuming that external causes of 
injury have affected the growing foetus. 

Disturbing influences acting on the otherwise normal embryo play a far 
more important part than heredity in the genesis of malformations. This 
might be inferred from the fact that the term malformation has come to 
connote exclusively gross and obvious anatemical relations. These gross 
anatemicaL anomalies arise generally from external causes. The pathological 
peculiarities transmitted congenitalfy from parent te child manifest themselves 
less in anomalies of external form than in deficient or perverted function of 
the tissues, or in morbid predispositions. Such anomalies are to be detected 
only by minute anatomical examination, or they are incapable of anatemical 
demonstration at alL 

3. MonstrosltieB by defect, as they occur in man, are of 
many kinds. Many of them affect most gravely the shape and fashion 
of the human form : others, of trifling character and affecting none 
but internal organs, can only be recognised by anatomical examin- 
ation. The configuration of the body- is most prejudicially affected 
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by defective closure, whether total or partial, of the larger body- 
cavities (pleural, peritoneal or cerebrospinal) ; or, on the other hand, 
by defective development of the extremities. 

The causes of malformation in any given case can only be 
approximatively determined, or refeiTed to this or that hypothetical 
injury: nevertheless we can generally indicate the direction in 
which the cause of the defect is to be sought. 

Monstrosities by defect are commonly malformations by arrest: 
they owe their existence to a local hindrance to the development 
of a normally constituted embryo. It is but seldom, and then 
chiefly in cases where the entire body is affected (as in dwarfs), that 
we can attribute the effect to heredity ; even of such cases the 
hereditary ones form by no means the majority. 

The influences which check and hinder growth are to be sought 
in alteration, injury, or disease of the uterus, or in disease of the 
foetus itself. To the first class belong defective development or 
disease of the membranes and placenta (uterine or foetal), adhesion 
of the amnion to the foetus, abnormally small quantity of liquor 
amnii, tumours of the uterus, concussions of the uterus with 
separation of the membranes, hemorrhages in the membranes or in 
their neighbourhood, &c. As concerns the foetus itself, its de- 
velopment may be disturbed by inflammatory affections which it 
acquires by transmission from the mother (Small-pox, Scarlatina, 
Endocarditis), or by inherited disease such as Syphilis. In the 
earlier stages of development abnormal twists or flexures of the 
embryo may be enough to cause very serious hindrances to growth. 

The influences we have cited may act in various ways. Many 
arrest growth mechanically by simple pressure : others hinder the 
circulation so that the foetus or some of its parts receive too scanty 
a supply of blood, and thus the growth is retarded. Other affec- 
tions, such as the inflammations, actually destroy parts already 
formed and so render their further growth impossible. Not 
infrequently several factors may act at the same time, or the 
malformation of one organ, like the heart, may involve detriment 
to the proper development of the others. 

The point of time at which the disturbing influence makes 
itself felt may of course vdry greatly, and so by consequence will 
vary the intensity of its effect. The earlier the injury the greater 
is usually its effect The loss of a few cells in the earlier stages of 
growth may involve the absence of an entire organ or limb ; while 
later on, after the general form is nearly complete, the same loss 
might not be noticeable at all. Malformations, in the narrower 
sense of the term, originate for the most part in the first three 
months of foetal life. By the end of that time the general form of 
the body and its members is well defined. Later disturbances give 
rise rather to changes that manifest themselves after birth as 
congenital disorders : they are therefore more fitly regarded as the 
anatomical basis of foetal diseases, than as true malformations. 
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Gboffbot St Hilaire {JSistoire ^4n^ale et particulUre des anomaliei de 
Vorgam9(Uion chez Vhomme et les animaux Paris 1832—7) rejects altogether 
the doctrme of the primarj perversion of the embryo (Haller aiid Winblow) 
and refers the malformations by arrest entirely to mechanical influences. 
Panum {Untersuchungen uber die EivUtehwng der Missbildunaen Berlin 1860) 
on the whole agrees with him, although he grants the possibinty of a primary 
perversion. He produced malformations in embryo chicks bv varying the 
temperature of the incubator, and by varnishing the egg-shells. Darebte 
{Reckerches swr la production artificidle des monstruosit^ Paris 1877) made 
Uke experiments, and produced malformations by arrest by placing the ^gs 
vertically, varnishing the shells, raising the temperature above 45^ C, and by 
warming the eggs in an irregular manner. He has lately (Comp, Bend. 1882) 
shown tiiat abnormalities may be produced by prolonging tne interval between 
the laying and the incubation of the egg. 

On the significance of adhesions of the amnion to the foetus see Jensen, 
Virch, Arch, vol. 42 ; Fuerst, Arch, filr OynUkclogie 1871 ; Perls, AUg, 
Pathol, ; Dareste, Comptea Rend, 1882. If a malformation is to be 
produced, the orifi;inal injury must of course not be too grave, otherwise 
the embryo would die outright. Above all things it is necessary that the 
apparatus of circulation should be maintained in working order. If the 
embryo dies, it is either ezx)elled with its membranes from the uterus ; or it 
is absorbed, in which case the membranes undergo further changes before 
they are finally expelled. A malformed foetus then can never sink below 
a certain minimum of develo{)ment without perishing prematurely ; unless 
indeed it manages to prolong its existence by attaching itself as a kind of 
parasite to a second simultaneously developing foetus. Compare Art. 13. 

4. The malformations of single individuals, which we with 
FOERSTER have distinguished as monstra per fabricam alienam or 
monotrositieB by perversion, consist exclusively of abnormalities 
in the viscera of the thorax and abdomen. To this class belongs 
the Sitvs transversua or right-and-left reversal of the position of 
the thoracic or abdominal viscera, or both. In this case we 
usually find, in addition to the change of position, other changes 
in the forms and relations of the misplaced organ& Here also we 
include the various malformations (mostly by defect) of the heart 
and great vessels. Lastly, we must mention the numerous mal- 
formations of the genital apparatus, especially those distinguished 
as true and false hermaphroditism. 

The genesis of these malformations is in general to be referred 
to the factors cited in Art. 3. They are for the most part to be 
reckoned among the malformations by arrest. 

For further details on this subject see the chapters relating thereto in the 
Special Pathological Anatomy. 

5. Double monstroiitieB, monstra duplida, have the entire 
body, or a part of it, duplicated. The duplicated parts are some- 
times equally well developed, sometimes unequally. In the latter 
case one part is stunted, and appears as a psurasitic appendage 
to a well-formed individusJ. We thus distinguish between equal 
and unequal double moustrosities. 

Older theories had it that double monsters arose through the 
adhesion of two originally distinct ova (Meckel, Gurlt, G. St. 
Hilai&e). It was even assumed that the membranes of two 
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separate ova might disappear at the point of contact, and then that 
the two foetuses might become fused together, so to speak. This 
view is no longer upheld. 

All double monsters originate from a single ovum and are 
fashioned on a single blastodermic vesicle. 

According to Koelliker, the first rudiment of the embryo ap- 
pears as a round opaque white spot on the wall of the blastodermic 
vesicle. This is the embryonic area (area embryonalis), formerly 
misnamed the germinal area. The embryonic area originates in a 
thickening of the epiblast (ektoderm), produced by a proliferation 
of the cells of this outer layer of the bilaminar blastodermic 
vesicle. The embryonic area next becomes pear-shaped. At the 
same time there appears at its posterior extremity a rounded thick- 
ening, which is continued into a somewhat conical prolongation. 
This thickening is the earliest rudiment of the primitive streak, in 
other words it is the region of the epiblast or ektoderm from which 
the mesoblastic layer is to begin to grow. From the primitive 
streak the mesoblastic layer spreads between the epiblast and 
hypoblast till it extends over the whole of the embryonic area, and 
at length passes its boundaries. It thus forms a marginal zone, 
called the vascular area (area vasculosa), around the embryonic area. 
When the primitive stredc has existed for some time, there appears 
in front of it the medullary groove. Thereupon the embryonic area 
becomes differentiated into a vertebral zone adjoining the medullary 
groove, and an outer lateral or parietal zone. The various parts 
and members of the embryo are produced by the progressive 
development of both zones. 

The genesis of a double monster may be accounted for in 
various ways. In the first place it is conceivable that two em- 
bryonic areas may arise on the surface of a single blastodermic 
vesicle. These as they grow may come into contact, and fuse with 
each other to a greater or less extent. Another possibility is — ^that 
in the same embryonic area two primitive streaks may appear and 
subsequently two medullary grooves: these may remain distinct, or 
may in part become blended. Thirdly, we may suppose the 
primitive streak to be single, while the medullary groove is 
developed in duplicate either throughout or in some part of it. 
Finally, it may happen that in certain cases the duplication occurs 
at a still later stage, affecting either single parts of the vertebral 
or parietal zones, or the rudiments of the several organs as they 
develope from these zones. 

Each of these h3rpotheses assumes — that at some time or other 
a duplication occurs in parts which normally are developed as 
single. In the first, the date at which duplication appears is that 
at which the embryonic area is first formed. In the others, the 
duplication takes place within the embryonic area itself. In the 
first three cases, the duplication occurs in structures which are 
axial: in the fourth, it may be limited to parts which are lateral. 
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We are compelled to accept the hypothesis that a duplication of 
some part or parts of the blastodermic vesicle or embryonic area can 
take place, if we are to account for the ^[enesis of double monsters. 
The only question is — how far it is possible for a duplication which 
has already taken place to disappear again, owing to subsequent 
fusion. For example, it may be asked — whether from two originally 
distinct embryonic areas nothing but separate homologous twins 
can ever develope; or whether the twin rudiments can unite again 
at some later stage. This question cannot as yet be definitely 
answered, so far at least as concerns embryos of the age at which 
the blastodermic layers have become completely differentiated. On 
the other hand, it may readily be believed that two embryonic areas 
which are actually in process of formation may encroach on each 
other and so unite. Here we have to do not with a fusion of two 
formed and separate structures, but merely with a grouping or 
arrangement of cells (due to identical processes) taking place round 
two centres close to each other, instead of round a single one. It is 
perhaps best, in dealing with the genesis of the double malforma- 
tions, to avoid assuming the occurrence of secondary fusion or re- 
union of primarily distinct rudiments; and to refer them all to 
incomplete cleavage or duplication. The ultimate causes of such 
cleavage are unknown to us: it is likely that they are partly in- 
temaTand partly external J ^J 

The views of different authors on this subject (the genesis of double 
monstrosities) are very various. Some, like Foerstbr, Virchow, Oellachsr, 
Ahlfeld, and Gerlach, pronounce for the theory of cleavage. Others, such 
as ScHULTZE, Panum, and Marchand, think that rudiments abeady more or 
less completely distinct may reunite. According to Rauber, two or more 
primitive streaks may be formed on a single embironic area ; and these may 
meet at some point in their length and there nise together. This is the 
'Radial' theory. Marchand maintains that two rudimentary embryos are 
formed, and then unite. The duplication of the embryo is, he thinks, referable 
to causes anterior to the segmentation, inherent therefore in the ovum before 
impregnation, or involved in the process of impregnation itself In support 
of this hypothesis he adduces some recent observations on invertebrates, 
which meJce it probable that the admission of two spermatozoa to the ovmn 
may lead to the formation of two centres of segmentation. In other cases 
it is said that two blastodermic vesicles may be formed, and give rise to a 
double monstrosity. L. Gerlach lately attempted to produce double monsters 
experimentally. He varnished over a number of hen's eggs before incubation, 
leaving nothing imcovered but a Y-shaped space over the region of the 
primitive streak. Out of a number of trials he obtained on one occasion a 
duplicitas anterior (Art 14), in addition to various other malformations. He 
infers that in chicks at least it is possible to produce double monstrosities 
by artificial means. 

See FoERSTER, Die Misshildungen des Menschen Jena 1865 ; Panum, Unter- 
guchungen iiber E-nUtehung der Missbildungen Berlin 1860 and VircL Arch. 
vol. 72 ; DoNFTZ Beicherfs Archiv fiir Anat, u, Physiol, 1866 ; Dittmer, 
Reic/ierfs Ardiio i875; Ahlfeld, Archiv fiir Oyndkol, vol. 9 and Die 
MiMhildungen des Menechen Leipzig 1880; Rauber, VircL Arch, voL 71; 
Marchand, Realencydopddie der gesamnUen HeUhuiide, Art. Missbildungen ; 
L. Gerlach, Sitzungsherichte d, phys. med. Soc, zu Erlangen 1880 ; Clelakd, 
J<mm, of Anat, 1874. 



CHAPTER II. 



MALFORMATIONS BY ARREST IN SINGLE INDIVIDUALS. 

a. Arrested development of the embryo as a whole. 

6. If the development of the embryo as a whole be inter- 
rupted, one of two results will follow. When the disturbance is grave 
the further development of the embryo is rendered impossible ; it 
either ceases to live forthwith, or it dwindles away and ultimately 
perishes unborn. A slighter disturbance may not exclude a certain 
amount of development, and as a result there is bom a foetus whose 
general form is normal, though in size it is small and puny. A 
dead foetus cannot remain for long unchanged : sooner or later it 
undergoes certain retrograde alterations. In most cases, foetus and 
membranes are expelled from the womb: and this constitutes 
abortion. In other cases, that is to say, in the earlier stages of its 
development, the embryo may be absorbed and so disappear, the 
membranes undergoing a different fate. Most commonly they are 
expelled at once; but at times they remain and pass through 
further changes. In this latter way is generally formed the so- 
called fleshy mole (mola camosa; otherwise clot- or blood- 
mole). This is a flesh-like mass consisting of membranes and 
altered blood-clots. The clots form the greater part of the mass ; 
they are the result of hemorrhages from the maternal placenta, and 
are not infrequently the efficient cause of the death of the foetus. 

In other cases, the villi of the chorion undergo a peculiar 
degeneration, increase in size, and at length form a mass of 
club-shaped or spherical translucent cysts. These give the ovum 
at first sight the appearance of a bunch of grapes (whence the 
German name Travbenmole, or grape-mole.) The manner in which 
cyst grows out of cyst, and the absence of stems uniting the 
pedicles, render this comparison somewhat inexact. In England 
this ' cystic degeneration ' of the membranes is often describea as a 
hydatidifonn mole. 
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A still rarer product of completely arrested development is the 
so-called lithopaedlum. The foetus dries up into a kind of 
mummy, while its superficial parts and the tissues inclosing it 
become calcified. This effect is ofbenest found when the situation 
of the ovum is abnormal. 

The second result of a general arrest of growth is dwarfing of 
the entire body (Mikrasomia or Nanosomia). Sometimes in dwarfs 
the proportion between the several parts is abnormal ; for example, 
the head is often inordinately large. 

6. Arrested development of parts of the body, 

7. Malformations depending on imperfect closure of the cerebro- 
spinal cavity. 

(1) Acrania (Hemicephaltis, Cranioschisis) is a frequent 
malformation : it consists in an entire absence of the bones and 
integuments forming the vault of the skull. In most cases the 
brain is also lacking {Anencephalia), and the base of the skull 
is covered with a vascular mass of connective tissue, enclosing a 
variable number of cyst-like structures. More rarely there is found 
a pocket-like fold of dura mater, containing some brain-detritus. 
The forehead being imperfectly formed the eyes project strongly, 
and give these monsters a toadlike appearance. The parietal bones 
are entirely absent. The tabular portions of the occipitals, tempo- 
rals, and frontals, may be wanting in whole or in part. If the 
supra- occipital be also wanting, wblle the upper cervical vertebrae 
remain unclosed, the monstrosity is spoken of as Cranio-rachi- 
schisis. In such cases the upper part of the spin^ cord is also 
wanting or rudimentary. 

The production of Acrania is referred W G. St. Hilaire, 
FOERSTEB, and Panum to the collection of fluid in the cerebral 
vesicles prior to the fourth month of gestation (Hydrocephalus)* 
Dareste and Perls dispute this view, on the ground that in 
Acrania the base of the skull is generally convex toward the brain, 
and cannot have been subjected to pressure tending outwards such 
as hydrocephalus would produce. They therefore regard the cause 
of Acrania to be some pressure exerted on the cranium from 
without. Perls maintains that this external pressure may be 
exerted by the head-fold of the amnion: this may he thinks be 
stretched too tightly over the cranial flexure, and so arrest the 
proper development of the cranial vault. 

Quite recently Lebedeff has offered a new explanation of 
Anencephalia and Acrania. He thinks these are due to the 

Production of an abnormally sharp cranial flexure in the embryo, 
'his occurs when the cephalic extremity grows at an unusual rate 
in the longitudinal direction, or when the head-fold of the amnion 
is retarded in its development. In consequence of the sharp 
flexure the closure of the medullary plate to form the medullary 
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canal is prevented; or else the medullary canal already formed is 
obliterated. This explains very easily the subsequent absence of 
the brain, and of its membranous and bony coverings. The cystic 
structures found upon the base of the skull Lebedeff believes to 
originate from the folds of the medullary plate, which sink into the 
substance of the mesoblast, and are then constricted off &om the 
main mass. 

(2) Hernia Cerebri and Spina bifida are terms used to 
describe minor deficiencies in the walls of the skull or of the 
vertebral column, through which the contents of their respective 
cavities protrude. In the case of the skull, a sacculation appears 
on the surface, which contains either fluid {Menvngocele\ or brain- 
substance (Encephalocele), or both (Hydroencephalocele), The fluid 
may lie either in the subarachnoid tissue, or in the dilated and 
sacculated ventricle ; in the latter case it is enclosed on all sides 
by brain substance (Hydrocephalus extemua and intemus). 

Hernia cerebri is oflenest found in the occipital region, and at 
the root of the nose. The size of the sac, as also the size of the 
opening in the skull-wall, are very various. 

The malformation known as Spina bifida is generallv limited to 
the sacral and lumbar regions of the vertebral column. The 
herniated sac is covered by the integuments, and contains either 
fluid only {Hydrorachis externa or Spinal meningocele)', or fluid 
with a thin layer of cord-substance {Hydrorachis interna or Hydro- 
myelocele). In the latter case, the central canal is dilated by the 
fluid. 

An interesting series of cases of Spina bifida will be found described in 
Med. Timei and Gaz. 2, 185S. 

(3) Cyclopia or Synophthalmia is a malformation in which 
the orbits form a single continuous cavity. This may be either 
very small, containing a mere rudiment of an eye or none at all, or 
larger in size and containing one eye or two lying close together. 
The nose is wanting, or represented by a snout-like projection just 
beneath the common orbit. When the brain is examined, we find 
instead of the cerebral hemispheres an undivided pointed vesicle 
running from behind forwards : the optic nerve is often either 
absent or single, and the olfactory nerve is likewise wanting. 
The other parts of the brain may also exhibit various malforma- 
tions. The malformation as a whole depends on the defective 
development of the primary cerebral vesicle, in consequence of 
which the optic vesicles remain either unevolved or in close 
contact with each other (Pebls). Dareste thinks the cause is 
arrested development of the head-fold of the amnion. 

Beferences : Foerster, Lc; Dareste, I.e.; Perls, AUaemeine Pathologte 
H, 1879; Lebedepp, Virch. Arch. vol. 86; Marchand, I.e.; Ackermann, 
IHe JSckcUkldiformiUU beider E/wxphaloode congenita Halle 1882. 
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8. Fissuial malfoimaticHis depending on imperfect union of 
the branchial arches. 

(1) Cleft palate (CheUo--griatho'p(ilato8chi8is). In this de- 
fonnity a fissure extends from the upper lip through the alveolar 
process of the superior maxilla, the superior maxilla itself, and 
the palate. The hard palate is cleft along its line of junction 
with the vomer; in the soft palate the fissure passes along the 
middle line ; in the alveolar process it goes between the exterior 
incisor and the canine tooth. K the fissure is bilateral, there ap- 
pears a yawning aperture above the mouth, which is wider and 
deeper according to the stage at which the development of the 
vomer, intermaxilla, and lip was arrested. 

Very often the fissure affects only the upper lip (Labium 
leparinum, hare-lip) ; less oftien the palate alone, or the palate 
and superior maxilla. The slightest oegree of fissure is probably 
represented by a slight notch or scar in the upper lip, or in 
another direction by a bifurcation of the uvula. Even slight 
fissures of this kind may however be bilateral 

These varieties of fissure depend on an imperfect union of the 
superior maxillary and palatal processes of the first branchial arch 
with the nasal process of the frontal, the intermaxilla, and the 
vomer. This union should normally take place in the third month. 
In some cases the cause of the cleft has been found to be a morbid 
adhesion of the amnion to the face. The malformation may be 
hereditaiy. 

(2) SchletopFoeopia and Aproeopla. If the development 
of the first branchial arch, and of the nasal process of the frontal, 
be still more seriously interfered with, we have instead of the 
middle of the &ce a mere gaping cavity. Cleft-palate has become 
cleft^face. In extreme cases, eyes and nose being also absent, 
there may be no face at all. 

(3) Agnathia, or absence of the inferior maxilla, is due to 
arrested development of the inferior maxillary process of the first 
branchial arch. In consequence of this deficiency the lower half of 
the face seems cut away, and the ears come almost into contact with 
each other {Synotia). In special instances the superior maxillary 
process is also rudimentary, and the malformation is accompanied 
by Cyclopia, with imperfect cerebral development. 

(4) In consequence of the partial persistence of a branchial 
cleft, we sometimes meet with fissure of the neck, the so-called 
Fistula colli congenita. This oftenest takes the form of an 
opening a Uttle above and external to the stemo-clavicular joint : 
more rarely the opening is in the middle line, or higher up in the 
neck. Generally there is but one opening; sometimes nowever 
there are two symmetrically placed. The &tular canal is for the 
most part narrow and lined with mucous membrane; it passes 
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upwards and inwards and as a rule ends caecally: now and then 
it opens into the trachea or the pharynx. 

Sometimes such fistulae have dilatations: or these may take 
the form of closed cysts filled with fluid {Hydrocele colli congenita), 
or of cavities containing epidermoid cells and cellular detritus 
(Atheromata). Fistulae and cysts of this kind are usually formed 
in the site of the third or fourth branchial clefc. Their hereditary 
character has been established in numerous instances. 

On cervical fiistula see Heubinger, Virch. Arch. vols. 29 and 33, Deutsche 
ZetUchrift Jiir Thiermed. ii. 1875 ; Rehn, Virch, Arch. vol. 62 ; Neumann and 
Baumqarten, Arch.fur klin. Chirurgie xx ; Virohow, Virch. Ardi.. voL 35 ; 
Sghede, Arch, fur kiin. Chirurgie xiv. 

9. Fissural malformations depending on imperfect closure of 
the pleuro-peritoneal cavity. 

The abdominal sur&ce of the embryo, which is that directed 
towards the blastodermic vesicle, begins about the third or fourth 
week to close in by converging marginal growth. This at first 
takes place only firom the anterior and posterior ends, but after- 
wards at the lateral borders also. At the end of this stage the 
only communication between the intestinal cavity and the vitelline 
or umbilical vesicle is by means of the omphalomeseralc or vitel- 
line duct. In the sixth week the duct becomes obliterated, but it 
happens not infrequently that the part next to the intestine per- 
sists as Meckel's dlverticuluin ; this takes the form of a cylin- 
drical or club-shaped sacculation of the ileum. 

Clefts of the abdominal wall. The complete closure of the 
body-cavity occurs in the eighth week, but this is liable to several 
forms of interruption. The slightest degree of abnormality is that 
in which a peritoneal protrusion, containing a coil of intestine, per- 
sists at the site of the umbilicus. This forms a hemispherical 
bulging, from the apex of which the umbilical cord arises {Hernia 
funis). This malformation is common ; the sac is usually small ; it 
is less usual for the hiatus in the abdominal wall to be considerable. 
Cases however occur in which a fissure extends for nearly the 
entire length of the anterior belly-wall {Gastroschisis or Fissura 
abdominalis); this may even extend to the thorax {Thoraco-gastro- 
schists). In the latter case the development of the laminae late- 
rales towards the umbilical vesicle must have been very early 
arrested. It is even possible for the funis to be absent altogether, 
and then the umbilical vessels pass direct to the placenta. Oc- 
casionally the fissure is altogether unclosed : in other instances a 
kind of hernial sac is formed by the peritoneum and the amnion 
stretched over it. 

Now and then we find that the abdominal wall is duly closed 
in the neighbourhood of the umbilicus, while a fissure persists 
either above it or below it If below it, the fissure is usually 
associated with imperfect closure of the allantois and so of the 
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urinary bladder. The internal mucous surface of the bladder in 
this c€ise appears externally, and is pressed forwards and everted by 
the intestines behind. The genit£U groove remains unclosed, and 
the external genitals are ill-developed. This is known as Inversio, 
Ectopia, or Ecstrophia vesicae. 

Clefts of the thoracic wall. If the fissure is small and 
merely aflFects the sternum, it is described as Fissura stemi : if it is 
wider, so that the heart is covered only by membrane and integu- 
ment and protrudes, it is called Ectopia cordis. 

The efficient causes of these imperfections of development are 
seldom demonstrable. It may be that they depend in part on 
morbid adhesions of the borders of the laminae lateraies to the 
amnion. Very frequently they are found in individuals affected 
with malformations in other parts, such as the genitals or anus. 

See Buhl, Klinik der Oeburtskunde von Hecker und Buhl 1861 ; Wedl 
Wiener med. Jahrhuch 1863 ; Ahlfeld, Arch. f. QyndJc. v ; Perls, AUg. 
Pathologie ii, 1879. On intestinal diverticula see Lockwood, Brit. medL 
Joum. I, 1882 ; Roth, Virch. Arch. vol. 86. 

10. Aplasia of the extremities and of the hip- and shoulder- 
girdles. 

Defects in the development of the limbs are by no means 
rare. Different classes are distinguished according to the degree 
of malformation. 

(1) Amelus. Limbs entirely wanting or replaced by wartlike 
stumps. Trunk generally well-formed. 

(2) Peromdus. All the limbs stunted. 

(3) Phocomelus. Limbs consisting merely of hands and feet, 
sessile upon the shoulders and pelvis. 

(4) Micromelus {Microhrachius, Micropus). Limbs regular in 
form, but abnormally small. 

(6) Ahrachius and Apus. Absence of upper limbs, while 
lower are well-formed ; and vice versd. 

(6) Perobrachius and Peropus. Arms and thighs normal; 
forearms and hands, legs and feet malformed. 

(7) MonohraxMus and Monopas. Absence of a single upper 
or lower limb. 

(8) Sympus, or Siren-monster. Lower limbs coalescent, being 
first rotated backwards so that the external surfaces come into 
contact. The pelvis is usually malformed, as also the external 
genitals, bladder, urethra, and anus. Feet may be wholly absent 
or represented by single toes {Sympus apus) : or there may be one 
{8. monopus) or both feet (8. dipus) at the end of the undivided 
extremity. 

(9) Achirus and Perochirus. Absence or stunted growth of 
the entire hand or foot is seldom observed. More frequently we 
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find absence of single fingers or toes (Perodactylus) ; or coalescence 
of two or more {Syndactylus or ' webbing '). 

(10) Of the several bones those most commonly wanting are 
the radius, fibula, patella, clavicle, and scapula. 

See FoERSTER, L c. ; Qruber, Ud>er an^ebome Defecte der Hand, Arch, 
f. AficU, u, Pkt/s. 1863 ; Voigt, Ueber congervUalen Radiiisdefect, Arch. d. HeUk. 
1863 ; JuLLiARD, Sympodiay Qaz. m4d. de Paris 1869. Many cases of malforma- 
tion of the limbs have been attributable to constriction and even amputation 
by folds or bands of the foetal membranes, or by loops of the umbilical cord. 
Compare Abelin and Blix, Jcthretiber. der gesammt. Med. 1863 ; Bambeke, 
Annat. de la SociM de M^d. de Oand 1861 ; Baker Brown, ObUet. Trans. 
vin. 1867. Dareste explains the formation of the siren-monster by 
supposing that the tail-fold of the amnion has pressed too tightly on the 
caudal end of the embryo. 

c. M(dform€Uio7i8 and Malpositions of the organs. 

11. We have seen that the form of the body as a whole is 
liable to manifold irregularities, resulting from disturbances in its 
development. The several organs may likewise, and from like 
causes, deviate in form and structure from the normal. Especially 
is this the case with the genital organs and with the heart, which 
very often exhibit anomalies depending on arrested development. 
But malformations affecting the alimentary canal, the kidneys, the 
lungs, or the brain, are by no means rare. These will more naturally 
fall to be discussed in connexion with the pathological anatomy of 
the respective organs. 

Very frequently too we meet with malpoBition of the organs. 
This reaches its highest de^ee in the so-called Situs transversus 
(or inversus) viscerum; this is a right-and-left reversal of the 
viscera, the contents of the thorax ana abdomen being transposed 
as if reflected in a mirror. It occurs in single as well as in 
double monsters. 

But apart from the viscera, malpositions also occur in connexion 
with the extremities. Under this head must specially be mentioned 
congenital dislocations, or displacements of the articular ends of 
bones from their sockets : and also abnormal positions of the feet, 
the hands being less often misplaced. 

According to the position of the foot we distinguish four 
types — 

(1) Pes varoB (commonly though less strictly called Talipes 
varus), or club-foot. The inner border of the foot \a directed 
upwards, the outer downwards ; the heels inwards ; the astragalus 
projects strongly outwards; the scaphoid bone lies beneath the 
inner malleolus. The calf-muscles and tendo Achillis are shortened. 

(2) Pes valgiui, or flat-foot. The outer border of the foot is 
directed upwards, the inner downwards ; the sole outwards. The 
peronei and extensor muscles are shortened. 
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(3) Pes equlnui, or (as we might call it) tip-foot. The heel 
is drawn upwards ; the tendo Achillis shortened. 

(4) Talipei calcaneus, or hook-foot. The toes are drawn 
up towards the front of the leg. The tibialis anticus, the peroneus 
longus and brevis, and the extensors, are shortened. 

References on Sittu transversits : — K. E. Von Baer, Entwickdungtge- 
sckichte I p. 51 ; Valsuani, Amiali univ. di med. Feb. 1869 ; Qruber, Arch./. 
AncU. u, Fhv8. 1865 ; Buhl, Mittheil. Munchner pathol, Inst, 1878 ; HiCKHAXy 
Trans, Path. Soc, 1869; Valliknne, JSttuie sur les transpositions visc&ales 
Paris 1881. 

Transposition of the abdominal viscera alone is much more uncommon 
than complete transposition of all the viscera. 

References on Congenital Dislocation : Hueter, Gelenkkrankheiten 2nd 
Edition ; KOnig, Lehrb. der Chirurgie ii ; Qrawitz, Virch. Arch, voL 74 ; 
Kr5nlein, Deutsche Chirurgie Part 26, 1882. 

The ordinary surgical text-books give details concerning the various 
congenital deformities of the hands and feet. On the genesis of club-foot see 
Adam^s Jacksonian Essay ^ London 1873. 



CHAPTER III. 



DOUBLE MONSTROSITIES AND MALFORMATIONS. 

a. Cleavage affecting the undifferentiated embryo, 
a. Complete cleavage of the axial structures. 

12. Forms in which the development of the segmenti is 
equaL 

(1) Homologoui twins; these are produced when the 
development of the divided rudimental embryos goes on without 
check or hindrance. Homologous twins are always of the same 
sex. Each twin is enclosed in its own amnion, though portions of 
the membranes may disappear where the two are in contact. The 
placenta is almost always single and common. 

(2) ThoracopagL If the two rudimental embryos lie near 
or in contact with each other, a double monster may result. If 
portions of the trunk, that is of the thorax or abdomen, are 
coalescent, the monster is described as Thoracopagus. As the 
umbilicus and umbilical cord are single and common, the term 
Omphalopagus is sometimes applied to it. The various forms of 
this monstrosity are named from the extent to which coalescence 
is^carried. 

Xiphopagi are those in which the ensiform processes are 
united by a cartilaginous bridge. The peritoneum passes for some 
distance into the connecting structure (the well-known Siamese 
twins were xiphopagi). 

Stemopagi are xiphopagi with a common thoracic cavity. The 
sternum may be double or smgle ; the heart also double or single, in 
which latter case it is malformed ; the alimentary canal is in part 
common; the liver double, though the two organs are connected 
by processes of .gland-substance. Two of the upper limbs may be 
coalescent (Thoracopagus tribrachius), or two lower limbs and the 
pelves (Th, trimis). If the heads as well as the breasts and bellies 
have coalescea, we have a Prosopo-thoracopagus, Cephalo-thoracor 

M. 3 
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pagtis, or Syncepfudus. If a bee be formed on the posterior aspect 
of the head as well as on the anterior, the monster is describcKi as 
Janus-headed or Janiceps. Generally one of the bees is a mere 
rudiment (Janiceps asymmetros). The liver of the right-hand twin 
is usually * perverted' in position ; more rarely this is the case with 
the other viscera also. Thoracopagi are the commonest kind of 
double monsters. 

• (3) OranlopagiiB is a pair of twins whose heads are adherent. 
They are distinguished as frontal, parietal, or occipital according to 
the locality of the adhesion. They are rare. 

(4) Ischiopagns is a monstrosity in which the twins are 
united only at the pelvis. The spinal column and pelvis is dupli- 
cated, but the latter forms but a single wide girdle of bone, in 
which the two sacra are at opposite sides. This double pelvis 
carries two or four limbs. The trunks arise distinct and bent 
away from each other. 

In preparing this systematic survey of the double monstrosities use has 
been made chiefly of Ahlfeld's work, Die MMnldufigen des Jfenschen 
Leipzig 1880, and of the chapter in Perlb's AUgemeine Pathologie. Both 
treatises give references to the literature of the subjects 

The genesis of all these double forms seems most ea^y explained by 
supposing that two embryonic areas are formed on the surface of a single 
blastodermic vesicle, and that these as they grow come into contact and 
coalesce at some part or other of their periphery. 

13. Forms in which the development of the segments is 
QnequaL 

These forms fell into two groups. In the first, the nutrition 
of one twin is somehow cut off, and it dies without alteration 
of its external form. In the second group, the nutriment of one 
twin is derived from the other. As a result the form of the first 
or parasitic twin is more or less affected. The parasite may 
be more or less intimately incorporated with the 'autosite' or 
host, as the foetus is termed which finds nutriment both for itself 
and its neighbour. Or again, the parasite may be connected only 
with the placenta of the autosite. The following varieties have 
been distinguished. 

(1) Foetus papyraceus. If the umbilical vessels at their 
attachment to the common placenta come too close to each other, 
arterial anastomoses are formed between them ; the blood-current 
in one system may become more powerful than in the other, and 
thus the main stream is diverted towards the more powerful* The 
circulation in one of the foetuses is checked, and that foetus sooner 
or htter perishes. The secretion of its liquor amnii ceases at the 
same time. The dead foetus becomes more and more compressed by 
the growing one, and may ultimately become reduced to a thin 
flattened remnant. In other cases, the death of one of the foetuses 
is determined by haemorrhaf^ into the villi of the chorion, or by 
torsion, knotting, or compression of the umbilical cord. 
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(2) AcardlacuB. This is a monster devoid of a heart ; it is 
always very imperfectly developed. The rudimentary foetus is 
either free, and connected with the well-developed one only through 
the placenta; or it is adherent to the well-developed one and 
blended with it to a greater or less extent (cf. TeraUyma). In 
the first case the acardiac twin is in fact an allantoid or placental 
parasite : its umbilical vessels are connected with those of its host, 
and its blood is kept in circulation by the host s heart. According 
to Claudius, Foerster, Ahlfeld and others, the monstrosity 
results from the later development of the allantois in one foetus 
than in the other. The retarded allantois is prevented from reach- 
ing the chorion, and is compelled to insert itself into the expansion 
of the other allantois. The course of the circulation in the parasite 
being inverted, its heart is either wanting or rudimentary. The 
lungs, trachea, pericardium, diaphragm, sternum, vertebral bodies, 
and ribs, are absent or undeveloped ; as are also the liver and the 
upper limbs. The only organs which are fairly developed are, at 
most, those of the abdomen and pelvis. We frequently find in 
such cases an over-development of the subcutaneous connective 
tissue, giving rise to shapeless unorganised masses or tumours. 

The different varieties of acardiac monsters are 

(a) Acardiacus amorphus. This form is rare, and consists of 
a shapeless lump covered over with skin and containing mere 
rudiments of organs. 

(5) A. acormus. Head developed; thorax and abdomen 
absent or rudimentary. Very rare. 

(c) A. acephalits. Head absent; thorax rudimentary; pelvis 
and attached members developed. This is the commonest variety. 

(d) A. anceps. Trunk well developed ; head and Umbs rudi- 
mentary ; heart also rudimentary. Bare. 

(3) Thoracopagus parasiticuB. Should one of the foetuses 
of a thoracopagous monster be imperfectly developed, it will hang 
from the other in the form of a mere stunted appendage. The 
parasite is connected with the autosite by the ensiform cartilage, 
and the abdominal wall as far as the umbilicus: it is therefore 
often spoken of as Epigastrias. It is seldom completely developed, 
t. e. provided with all its members. In the majority of the cases on 
record, the parasite has been an Acardiacus acephalits or acormus, 
and its vascular system a mere outlying region or extension of the 
host's. This monstrosity is very rare. 

(4) EpignathuB. This is an amorphous acardiac monster 
connected with the mouth-cavity of the well-developed twin-foetus. 
From this cavity protrudes a shapeless skin-covered mass, made 
up of cartilage, connective tissue, gland-tissue, brain-substance, 
t'Ceth, bones, intestinal elements, muscles, skin, and foetal down. 
In very rare instances the epignathus is attached to some other 
region, such as the orbit. 

3—2 
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(5) Teratoma. Teratomata are tumour-like formations which 
are made up of a great variety of very different tissues, and so are 
distinguished from ordinary new-growths. Some of them contain 
rudimentary skeletal elements, such as those of the spine, pelvis, 
&c. ; as well as rudiments of various organs, like the brain, intes- 
tine, different glands, kidneys, and muscles. Others contain 
tissue-formations of various kinds, such as muscular tissue, carti- 
lage, skin, bony substance, gland-tissue, cysts, &c.; but no defi- 
nitely formed masses which can be regarded as representing any 
special organ or member. The former tumours are undoubtedly 
to be viewed as remnants of parasitic foetuses which have &iled 
altogether to develope ; they are in &ct Acardtad amorphi in very 
close relation with the well-developed twin. With regard to the 
latter class of tumours, this view is not so certain. It is more 
likely that they depend in part for their origin on some disturbance 
or arrest of the development of a single foetus, or on an aberration 
in germine (c£ Aetiology of Tumours, Arts. 178, 179). 

Regarded thus, the monstrosities Epignstrius and Epignatkus 
become teratomata whenever the degree to which they are 
developed is less than a certain limit. Teratomata occur however 
most commonly in the form of large tumours attached to the ex- 
tremity of the coccyx: they are then spoken of as sacral teratomata, 
or teratoid sacral tumours. If the outward shape suggests that of 
a foetus or a part of one, it is not hard to diagnose the case as 
an unequal form of double monstrosity. This is described as 
EpipygiLS (see Art. 14). When the tumour is of no definite shape, 
the diagnosis is not so obvious. In this case anatomical examina- 
tion alone can settle the question, according to the principles just 
laid down. It is not to be forgotten however that new-bom infants 
are liable to have tumours of the sat;ral region, which are not 
unlike teratomata, but which are really of the ordinary fibroid (or 
it may be the epithelial) kind. 

(6) Inclusio foetaliB. In the form of foetal parasitism 

i'ust described, it ■ usually happens that the parasite is more or 
ess included and overgrown by some of the tissues of the autosite. 
This inclusion may be carried to a still greater extent. Teratoid 
tumours may be so completely enveloped by the body of their host, 
that they may be scarcely or not at all perceptible upon the ex- 
terior. This form of parasitism is spoken of par excellence as 
Inclusion. According to the rerion in which the teratoma is en- 
closed we distinguish the varieties : — 

(a) Inclusio abdominalis (or Engastrius) 

(b) Inclusio stibcutanea 

(c) Inclusio mediastinalis 

{d) Inclusio cerebralis (or Teratoma glandulae pinealis) 
(e) Inclusio testiculi et ovarii. 
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What has ^above been said of the teratomata applies also to 
these inclusions. In most cases so described, we have to do not 
with the enclosure of one foetus by another, but with a pathologi- 
cal growth within the body of a. single aberrant foetus. 

Perls has brought together the literature of acardiao monstrosities in his 
AUgemei'ne Patholoffie Part u, p. 319. The above theory concerning their origin, 
put forward by Claudius {Die Entwickdung der herdoaen Missgeburten Kiel 
1859), and accepted by Foerster and Ahlfeld, is held by Perls to be inade- 
quate. He thinks with Panum ( Virch, Arch. vol. 72) that one twin-foetus may be 
seriously mutilated by constricting bands derived from the membranes, or by 
the films : that anastomoses may be formed between its umbilical vessels and 
the placental circulation of the uninjured twin : and that thereupon the latter 
may, as it were, undertake the nutrition of the mutilated twin, which thus 
assumes the condition of a parasite. In support of this view he refers to an 
observation of Orth's {virch. Arch, voL 64), who remarks that even a 
decapitated foetus has in some such way continued to grow. See also Houston, 
Duh. Med. Joum. 1836. 

Ahlfeld brings together the literature of Epignathus in the Archiv fiir 
GyndkoLogie vn. Since then papers on the subject have been published by 
SoNNENBURO {Zeitschrift /. ♦(7Air. v) ; Verne uil {Jahresb. der ges. Med. 
1875) ; Wasserthal {Epignathus, Inaug. Diss., Dorpat 1875) ; and others. 

With respect to teratomata the following rererences may be given — 
ViRCHOW, Virch. Arch. voL 53 (Terat. of the mediastinum) ; Arnold, Virch. 
Arch, voL 43 (Terat. of the cranial cavity) ; Weigert, Virch. Arch. voL 65 
(Terat. of the pineal gland) ; Braune, DoppelbUdung und angebome Oe- 
tchtmlste der Kreuzbeingegend 1862. With special reference to sacral teratomata 
see Depaul, Jahresb. der ges, Med. 1869 ; Reichel, Virch. Arch. vol. 46 ; 
Lutremt^ller, Oestreich. med. Jahrb. 1875 ; BQiui, Berlin, klin. Woch. 1872 ; 
Ahlfeld, Ardt. f. QynJ&k. viii, xii. 

/3. Partial cleavage of the axial structures. 

14. Dnplicitas anterior. The later the cleavage of the 
rudimental embryo is in appearing, the less extensive are its 
consequences. It may thus happen that part at least of the axis 
of the embryo remains undivided. Cleavages of the cephalic end 
{Duplicitas anterior) are the most common ; those of the caudal end 
are rare. The slightest degree of anterior cleavage is indicated by 
duplication of the pituitary body. Next in degree come the clefts 
of the face (Diprosopus), of which there are numerous varieties 
gradually increasing in severity from mere duplication of the 
mouth-cavity to the formation of two distinct and complete faces 
{Diprosopus distomtis, diopkthalmuSy triopkthalmus, tetropkthalmiLS, 
triotus, tetrotus). 

Dicephcdus is a monstrosity consisting in duplication of the 
head and upper part of the vertebral column, and is either 
dibrachiiiSf trtbrachius or tetrabrachius The latter form has two 
hearts and two pairs of lungs, and is capable of living. 

JHcephalus parasiticus is very rare. The stunted foetus has 
always a part of its vertebral column in common with the full- 
grown one. 

The highest degree of anterior cleavage is called Pygopagus. 
The twins are then united solely by the sacrum and coccyx. The 
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urinary and sexual organs may be either single or double. The 
equal form of this monstrosity is somewhat uncommon : the twins 
are capable of living. The unequal form is more common, if we 
may rerard as pygopagi some of the monsters described above 
(ArL 13) as epipygi and sacral teratomata. 

A pair of living pygopasous twins, bom in South Carolina in 1851, ban 
been exhibited as " the two-headed nightingale" An anatomical description 
will be found in the Brit, Med. Jaurmd 1869, bv Simpson, and in the Berl, 
klin, Woch. 1873, by Vibchow. The cavities of the pelves were completely 
distinct, the sacral region alone being common. 

15. Duplicitas posterior. A monster in which the pelvis 
and lumbar portion of the spinal column are duplicated is described 
as Dipygus, The duplicated parts are very seldom equally devel- 
oped; much more commonly one remains rudimentaiy {Dipygus 
pardstticus). In the slighter cases of this malformation, only 
mdividual parts of the pelvic bones or contents are duplicateo. 
The lower extremities are duplicated, or there are but three of them 
(Polymelia). If the rudimentary pelvis is not visible externally, the 
supernumerary Umb looks as if it sprang from a normal pelvis. It 
IS usually very ill developed. 

7. Multiple cleavage, and overgrowth of the entire body. 

16. Homologoiu triplets are produced when the rudimental 
embryo has undergone a complete threefold cleavage, and its subse- 
quent development has been unchecked. They lie inside a single 
chorion, and the amnion may also be single; though c€ises occur 
where each foetus has its own amnion. Frequently one or two of 
the triplets are malformed (Acardiacus). In consequence of a 
second partial cleavage in an embryo already completely divided, 
there may be formed a double monster together with a single 
ordinary foetus — the whole being enclosed m a single chorion. 
This combination is not infrequent. 

Tricephali, or three-headed monsters, arise frx)m a second partial 
cleavage of an embryo already partially cleft : they are extremely 
rare. Of multiple cleavage occurring at both extremities of the 
embrvo only a single instance is on record. 

If the rudimentaiy embryo is of abnormal size, and undergoes 
no form of cleavage, the entire body becomes excessively developed. 
New-bom infants weighing as much as ten kilogrammes (twenty- 
two pounds) have been met with. In other instances, the 
abnormally rapid or excessive growth has not begun until after 
birth. 

b. Cleavage affecting the rudiments of particular parts : 

congenital hypertrophy. 

17. Cleavages affecting the rudiments of separate oictus, and 
the multiplication of these organs or their elements which ensues, 
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vary in significance according to their mode of origin. Some of 
them must be regarded as conditioned by mechanical influences. 
Others are demonstrably due to heredity. Others still are refer- 
able to atavism, or the tendency of a higher type to revert to the 
organisation of a lower. 

(1) Dnplication in the limbs. Cleavage of an entire limb, 
without duplication in the limb-girdle, has not been observed in 
the human species. Duplication of hands or feet is very rare. On 
the other hand, the duplication of fingers or toes (polydactylism) is a 
very common occurrence. The additional member is sometimes a 
mere appendage of skin ; in other cases it contains bones, and has 
the form of a perfect digit. The number of fingers on one hand 
may be as hign as ten. Cleavage affecting the carpal or tarsal 
bones is rare. 

(2) Dnplication of the mammary glands (Polymastia). 
This occurs not very infrequently, and in men as well as women. 
The supernumerary mamma may lie close beside the normal one ; 
or it may be remote, having its seat on the abdomen, groin, or 
shoulder, at times even on the back. Double nipples are less often 
met with than supernumerary mammae. 

See Leichtekstern ( Virck. Arch, voL 73), and Mitchell Bruce (Jaum. of 
Anat. 1879). 

(3) Supernumerary bones and muscles. These are very 
common. Extra vertebrae may occur in any region of the spinal 
column. Connected with the coccyx they may give rise to a tail- 
like appendage, though all so-caued tails are not referable to 
multiplication of vertebrae. 

Multiplication of the ribs (by the formation of cervical or 
lumbar rios), and bifurcation of the ribs, are not infrequent. 
Multiplication of the teeth is no rare occurrence. 

On supernumerary vertebrae and ribs see Welcker {ArcLf. AnaL 1881), 
Struthers (Joum, of Anat, 1875), and Turner (Joum, (£ Anat. 1870). On 
so-called tails see Ecker (Arch. f. Anthrop.' xi), and Leo Gerlach {Morphol. 
Jahrb. vi). 

(4) Duplication (or multiplication) of the thoracic and 
abdominal viscera. This is commonest in the cases of the spleen, 
pancreas, ureter, and pelvis of the kidney. It is rare in the lungs, 
ovaries, liver, kidneys, testes, and bladder. 

18. Congenital hsrpertrophy, or excessive growth of indi- 
vidual parts. Abnormal enlargement of one side only has more than 
once been observed. Excessive size of the head without hydroce- 
phalus is rare, whether symmetrical or unilateral. Undue enlarge- 
ment of one limb or part of a limb is more common. A hand or 
foot, a finger or toe, may thus grow to an excessive degree and so 
give rise to very serious deformity. The symptoms of excessive 
growth are generally apparent at birth. Sometimes the effect 
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depends on a general hypertrophy of all the elements of the 
member, sometimes on a mere over-development of adipose tissue, 
like the limbs, other organs also may reach abnormal dimen- 
sions by augmentation of their normal elements. This is the case 
with the thyroid gland, the tongue, the mammae, the kidnejrs, the 
bladder, the uterus, the clitoris, the labia pudendi, and the penis. 

Full references to the Uterature of congenital hypertrophy are given in 
Ke8SLER*s Jnauffttral'Dissertatwn iiber einen FaHl von Macropodia lipomatota 
Halle 1869. Compare also Reid (MorUk. Joum, med, science 1843) ; CuRLiNa 
{Med, chir. Trans, xxviii) ; Tr^lat and Monod {De VhypertropkU imUal&ale, 
Arch,g4n, de rrM. 1869) ; Friedreich {Congenital unUateral hypertrophy cf the 
heady Virch, Arch. voL 28). Cases of congenital hypertrophy of the limbs are 
reported by Bubch {Ardi, /. Hin. Chir. vn) ; Friedbero ( Virch, Arch, voL 
40) ; LiTTiiE (Trans. Path. Soc. 1866) ; Fischer {Der Jtiesenumchs^ Deutsche 
Zeitsch. /. Chtr. 1880) ; Anderson {St Thorn. Hosp. Rep. London 1882). A 
good instance of hereditary polydactylism is given by Lucas, Ouy^s Hosp. 
Rep, London 1881. 
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CHAPTER IV. 

ANOMALIES IN THE DISTRIBUTION OF THE BLOOD 
WITHIN THE VESSELS. HYPERAEMIA AND ANAEMIA. 

19. It is the oflSce of the blood to convey nutriment to the 
organs and tissues. The cells and cellular structures, of which 
these are built up, cannot long continue to exist unless they are 
kept supplied with firesh nutriment. For this reason most tissues 
are furnished with blood-vessels, and those which are not so 
furnished are in intimate relation with others which are. 

The demand for blood on the part of a tissue is not at all times 
equally great. Hence the supply may also undei]So a corresponding 
increase or diminution, and with the incomme supply varies 
also the amount of blood actually present in the tissue. If a 
vascular or^fan happen thus to contain an unusually large amount 
of blood it IS called hyperaemic ; if it contains less than usual it 
is anaemic. 

The regulation of the amount of blood, which an organ receives 
under physiological conditions, is effected b^ modifying the resist- 
ances offered by the arterial system. This modification of the 
resistances again is effected simply by means of changes in the 
calibre of the arteries. The quantitv of blood contained in the 
entire body is insufficient to fiu all tne vessels at the same time. 
It is thus possible to increase the supply to any one organ only by 
diminishing the amount sent in other directions. The calibre of 
the arteries is altered by help of the elasticity of their walls and 
the contractility of their intrinsic non-striated muscles, and this 
apart from the action of changes in the blood-pressure otherwise 
conditioned. The intrinsic muscles of the arterial wall constitute 
the active regulating element. Their activity is dependent partly 
upon influences which directly affect them, and partly upon nervous 
impulses. These latter are transmitted to them from centres some 
of which are intravascular, and some situated in the medulla 
oblongata. They may act so as to contract the vessels, or to dilate 
them, as the case may be. 
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If the amount of blood in an ot^ deviates beyond the phj^^io- 
logical limit irom the mean or usual amount; or if there is a 
deviation dependent on factors other than the physiological ones ; 
or if a deviation persists for an undue length of time, we have to 
do with a hyperaemia or anaemia which is pathological. Such 
pathological deviations are produced by .agencies only in part 
identical with those which regulate the normal blood-supply of the 
organ. 

In this book, which deals with pathology, we can only sketch in the 
broadest outline the general physiology of the circulation. For further 
details we refer the reader to the chapters on the subject in the classical work 
of CoHNHEiM (Vorlesungen ilber allgemeine Patfiologiey 2d. edition, Berlin 
1882). Many of the physiological remarks in the text are derived from these 
chapters. A summary of the main facts will be found in Foster's Text-book 
of Physiology. 

20. Hyperaemia of an organ shows itself to the eye as a 
more or less intense reddening and turgescence. The redness will 
be bright or dark (livid) according as the contained blood is rich or 
poor in oxygen. In organs which are themselves strongly coloured, 
the redness may be more or less masked, and its exact tmt modified. 

The reddening and turgescence are produced simply by the 
dilatation of the blood-vessels of the part, and their repletion with 
blood. 

Hyperaemia is not easily observed in the dead body : what is 
seen represents at best but partially the degree of hyperaemia 
which may have been present during life ; ana that only in some 
organs. At death the greater number of the vessels, and especially 
the arteries and capillaries, empty then;iselves of their contents. 
This is partly due to the contraction of their walls ; partly to the 
rigor mortis of the tissues in which they have their course. The 
contraction of rigor presses out the blood contained in them much 
as the pressure of the finger makes a reddened hyperaemic spot 
become pale. 

It may thus come to pass that a membrane, which during life 
was h}rperaemic and red, may after death appear pale and colourless. 
Or the only reminder of the pre-existing hyperaemia may consist of 
engorged veins and venules, which, on mucous membranes at least, 
run in purple branching tree-like coiuses over the surface* 

21. Hyperaemia may be either active (congestive) or passive 
(mechanical). The first form depends on increased flow of blood 
to the part, or congestion; the second on diminished flow from 
the part, producing engorgement. 

Active hyperaemia is either idiopathic or collateraL The 
former is the more important, and depends on a relaxation of the 
muscular fibres of the arteries. This relaxation is brought about 
by paresis of the vasomotors ; or by stimulation of the vasodilators ; 
or it may be by direct weakening or paralysis of the muscular 



CHAP. IV.] HYPERAEMIA AND ANAEMIA. 45 

fibres themselves (such for example as is produced by heat, con- 
tusion, or atropia). Collateral hyperaemia is merely the conse- 
quence of diminished blood-supply to some other part. It ensues 
first in the immediate neighbourhood of the anaemic part: but 
afterwards the diverted blood may be conveyed to more remote 
organs, which happen to stand in need of it. 

The causes of passive hyperaemia are of a different kind. The 
veins are normally devoid of tonus. The resistances offered to the 
venous blood-current are chiefly due to gravitation. They are chiefly 
overcome by means of the action of Qie muscles ; in part also by 
the aspiration towards the thorax which takes place during inspira- 
tion. When the muscles are inactive and the respiration feeble, 
these important forces are no longer available : the blood then tends 
to stagnate in the veins, and collects especially in those parts which 
are most dependent. This condition is often misnamed hypostasis, 
or gravitative hyperaemia. Enfeebled action of the heart favours 
its appearance. Uncompensated valvular disease acts in the same 
way : the blood is imperfectly propelled into the arteries, and so 
tends more and more to accumulate in the heart itself and in the 
venous system. 

A further very common cause of passive hyperaemia is the 
interposition of abnormal resistances in the course of the venous 
ciurent. Of this nature are obliteration of veins by compression, 
ligature, coagulation of the contained blood, or thickening of the 
walls. The forms of engorgement depending on narrowing or 
obliteration of veins are very various. Often they are scarcely or 
not at all perceptible, inasmuch as neighbouring veins may dilate 
sufficiently to provide for the complete drainage of the part. 
This has however its limits. When, for example, in the arm the 
ereater number of the great veins are occluded ; or when in the 
\es the femoral vein is stopped up at Foupart's ligament ; or again 
when the main renal vein is obliterated, it becomes impossible for 
the blood to find adequate exit : the current becomes slower and 
slower, and the blood goes on accumulating in the engorged region. 
When the process is directly observed in the expanded tongue of 
the firog, the red blood-cells are seen to become tightly packed 
together, and to fill completely the lumen of the dilated veins and 
capillaries. This appearance is due to the fact that, as a conse- 
quence of the engorgement, an increased quantity of liquid plasma 
transudes under pressure from the vessels. 

In the systemic circulation the engorgement is confined to the 
veins and capillaries : the arterial blood-pressure remains unaffected 
by it. In the pulmonary vessels, on the other hand, where there is 
no very marked tonus (Cohnheim), the engorgement is propagated 
through the arteries to the right heart, anof there gives rise to 
increased blood-pressure. 

Congested tissues are bright red in colour, engorged tissues on 
the other hand are dark purple or livid; though it must not be 
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forgotten that if air be allowed access the livid colour may speedily 
chaiige to a brighter red. 

True hyperaemia must of course not be confounded with post-mortem 
staining of the tissues. The arteries after death squeeze out by the contrac- 
tion of their walls the greater part of the blood they contain. This passes into 
the veins, and, being affected by gravity, most readily into the parts that 
are lowest. Such a pseudo-hyperaemia is called a hypostasis. Reddened, 
patches on the skin due to such post-mortem movement of the blood are 
called livores. They appear three hours or more after death, and commonly 
upon the back and sides of the trunk and the posterior siur£Bu;es of the limbs 
and neck. If there be already an ante-mortem engorgement of these parts^ 
it will appear more intensely after death. 

In order to observe the process of engorgement which ensues when the 
circulation is disturbed, we may conveniently make use of the tongue or 
the foot- web of a frog which has been curarised (Cohnheim, Vireh. Arch, 
voL 40). The object must be spread out imder the microscope on a 
proi)er holder. For example, the tongue may very simply be arranged by turn- 
ing it out over a cork ring glued to the stage of the instrument, and stretching 
it with common pins stuck into the cork When the circtdation is nomm 
the pulsating arterial stream, as well as the continuous venous stream, are 
seen to be bordered by a zone of plasma. If now engorgement be induced by 
ligature of the efferent vein of the tongue, the stream becomes slower — the 
zone of plasma in the veins disappears — ^and both veins and capillaries become 
tightly crammed and dilated with the red blood-cells as they accumulate. 
After a time the tongue begins to swell up, as it becomes infiltrated with 
the transuded liquid. 

The frog's tongue and foot-web are also very well adapted for studying 
the changes of the circtdation in congestive hyperaemia, and in anaemia. 

22. Pathological anaemia is dependent upon oligaemia^ or 
upon ischaemla, In oligaemia there is a general deficiency of 
blood throughout the body : the anaemia of the several organs is 
due less to defective distribution by the vessels than to the in- 
adequate quantity of blood they contain. Ischaemia on the other 
hand can give rise only to local anaemia: it always implies a 
diminution of the blood-supply to the affected part. Ischaemia 
may of course coexist with oligaemia. 

PatholojBfical diminution of the blood-supply to an organ is 
often due simply to an abnormal increase of the normal resistance 
offered by the arterial channels; in other words, to powerful 
contraction of the circular muscular fibres of the arteries. In 
other cases, the resistances are pathological in character: such 
are, for example, compression, diminution of the lumen owing to 
morbid changes in the vessel wall, deposits on the inner surface of 
the vessel, &c. 

The result of diminishing the calibre of an artery is, in the first 
instance, to slow and to weaken the blood-current behind the 
constricted point. If the artery be completely occluded, the 
circulation behind the obstacle comes at once to a standstill. 
Yet the later consequences of such obstructions to the circulation 
are by ho means always identical. Ever3rthing depends on the 
question whether the arteries behind the point of obstruction have 
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anastomoses of fair size connecting them with other arteries ; 
whether in fact a collateral circulation is possible. If it be 
possible, the disturbance of the circulation at first produced is 
quickly compensated by an increased blood-supply tnrough the 
collateral arteries. The compensation will be the more rapid 
and complete as the collaterals are larger and more dilatable. 

The case is diflferent however when the obstructed artery has 
no arterial anastomoses beyond the obstruction, when it is 
terminal, as it is called. The diminution of the current beyond 
the obstruction cannot be compensated for, and the affected region 
becomes in the first instance nearly or wholly deprived of blood. 
This state of things may alter after a time, however. When the 
movement and pressure of the blood beyond the obstruction have 
sunk to a minimum, the propelling forces become at length 
insufficient to maintain the flow. The specifically heavier red 
blood-cells become stationary, and accumulate in the capillaries 
and veins. In this way the anaemic region becomes a^am filled 
with blood, but with blood which is stagnating, not circulating. 
The same thing happens when a terminal artery is completely 
occluded. The blooa firom the anastomosing capillaries is slowly 
urged backwards under slight pressure into the anaemic region. 
Finally, there may be a reflux firom the veins themselves sufficient 
to give rise to an accumulation of blood in the vessels of the 
anaemic region. This reflux will occur when in the latter vessels 
the blood-pressure has sunk to zero, and the usual resistances to 
reversed flow in the veins (such as gravity, or the presence of 
valves) are not in action. 

A further cause of anaemia in an organ may be the excessive 
determination of blood to other organs. The entire amount of 
blood available may thus be inadequate to supply the non- 
congested organs. Ihis is described as collateral anaemia. 

All anaemic tissues are pale. At the same time they are 
limp and non-turgescent, and any proper colour which they may 
possess becomes well marked. 



CHAPTER V. 

ANOMALIES IN THE DISTRIBUTION OF THE LYMPH. 

OEDEMA AND DROPSY. 

23. The lymph which bathes the tissues is merely a 
transudation fix)m the blood, mingled with the products of 
tissue-change. The transuded liquid is taken up by the Ijm- 
phatics fix)m the lymph-spaces of the tissues, and carried back 
into the venous system through the thoracic duct. Every change 
in the circulation, which determines an increased transudation of 
liquid from the blood, leads by consequence to an increased satura- 
tion of the tissues. This increased saturation is generally balanced 
by an increased discharge through the lymph-channels. But this 
compensating action has its limits. If the transudation from the 
blood-vessels still increases, there at last comes a time when the 
saturation of the tissues with liquid can no longer be kept down, 
and so it rises above the normal degree. The condition m which 
fluid collects in the substance of the tissues is called oedema. 
When the fluid collects in the greater cavities of the body we have 
hydrops or dropsy. The hquid transudation in oeuema and 
dropsy has never the same composition as blood-plasma: it is 
always markedly poorer in albumen. 

Tissues which are the seat of oedema swell up ; but the degree 
of swelling depends in great measure upon the structure of the 
tissue. The skin and subcutaneous cellular tissue may in virtue of 
their structure imdergo extreme distension: an oedematous limb 
may thus become enormously swollen. It looks pale, is doughy to 
the touch, and ' pits * on pressure with the finger. It is customary 
to describe oedema of the integumentary structures as anaaarca. 
If an anasarcous part be cut into, the fibrous bundles of the tissue 
are seen to be separated fix)m each other by clear liquid, which 
trickles away fiY)m the cut surfaces. 

Other structures, like the kidney, are much less capable of 
containing large quantities of liquid than are the integuments. 
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When an oedematous kidney, therefore, is cut into, very little 
liquid flows from it; but the cut sur&ce looks moist and 
gUsteninff. 

The luncf can hold a very considerable quantity of liquid. 
Owing to i^ nam>w accommc^tion in the tjlomx, ft cannot of 
course become very neatly distended. But it has within it a 
multitude of air-cavities, and these fill with liquid when oedema 
invades it. From these the liquid, generally frothy with air- 
bubbles, may be squeezed when the lung is cut. 

The amoimt of blood contained in oedematous tissues is 
variable, and so therefore are their colour and appearance. 

Cavities which are the seat of a dropsical effusion contain a 
greater or less quantity of a clear, generally pale-yellowish, seldom 
quite colourless, liquid. It has an alkaline reaction, and at times 
curds of fibrin may be found in it (Art. 35). 

Compressible organs situate in the dropsical cavity may be 
flattened, and the cavity itself enlarged. 

If the efiusion of liquid be general throughout the body we 
speak of it as general dropsy : if limited to the abdominal cavity 
it is called ascites. 

24. Three varieties of oedema may be distinguished, according 
to their mode of origin: these are — tne oedema of engorgement, 
inflammatory oedema, and hydremic oedema. 

The oedema of engorgement, as the name implies, depends 
upon a disturbance of the circulation. If from any cause the outflow 
of blood from the veins is hindered, the blood tends to accumulate 
in the capillaries and venules (Art. 21). If the degree of obstruction 
exceeds a certain limit, the plasma seeks a latersd exit and escapes 
from the vessels. The amount of liquid thus escaping is pro- 
portionate to the discrepancy existing between the inflow and the 
outflow. 

The escaped liquid is ab^ays poor in albumen, poorer even than 
the normal lymph. It contains however a certain proportion of 
red blood-cells, depending on the intensity of the engorgement. 

The immediate consequence of increased transudation is an 
increased flow through the lymphatics. Often enough this may be 
quite sufficient to convey away all the liquid which escapes. If it 
is insufficient the liquid collects in the tissues and the result is 
oedema or dropsy. 

Obstruction to the outflow through the lymphatics does not 
usually bring about oedema; direct experiments have demonstrated 
this. In the first place, the lymphatics of most parts of the body 
possess ample anastomoses, so that it is not easy for a stagnation 
of the Ijrmph to occur. Even when the thoracic duct is occluded 
coUatend channels may be opened up and the circulation restored. 
Furthermore, when in a limb, for example, the whole of the 
lymphatic outlets have been closed, if no more than the normal 
amount of transudation from the blood-vessels goes on, no oedema 
H. 4 
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is produced. The blood-vessels themselves have the power of 
taking up again the lymph they have produced. If the thoracic 
duct be completely occluded and no collaterals are opened up, then 
oedema is the result ; it takes the form of ascites. At the same 
time the larger lymphatics become greatly distended with accumu- 
lated lymph. 

Though lymphatic engorgement alone is inadequate to produce 
oedema, it may possibly increase an oedema which has already 
been produced by increased transudation from the blood-vessels, 

25. The quantity and the nature of the liquid which escapes 
from the capillaries and veins depend not only on the intravascular 
pressure and the resistances to the flow, but also to a great extent on 
the character and condition of the vessel- wall. Alterations in the 
amount of transudation may thus be referable, not to disturbance 
of the circulation, but to changes in the vessel-wall, and especially 
in their endothelial lining. The vessel-wall may in fact be made 
more permeable for the corpuscular as well as for the liquid con- 
stituents of the blood by various causes. One of these is long- 
standing engorgement, involving incomplete renewal of the blood- 
supply to the vessel. More serious causes of injury are persistent 
ischaemia, imperfect oxygenation, chemical changes in the blood, 
very high or very low temperatures, and traumatic lesions. 
What the exact injuries are which these bring about we are not 
as yet able to say; but it may fairly be imagined that they amount 
to a loosening of the connexions between the endothelial cells of the 
intima (Arts. 96 — 98). It is in virtue of such alterations in the 
vessels that inflammatory and hydraemic oedema are produced. 

As regards inflanmiatory oedema no doubt can exist that it 
originates in some vascular change. It occurs as an independent 
affection, in the form of a more or less local and circumscribed 
swelling with dropsical eflfusion : but it may also, as a secondary 
phenomenon, accompany other processes, like severe inflammation. 
In the latter case it is often characterised as collateral oedema. 
Inflammatory oedema is distinguished from the oedema of engorge- 
ment by the fact that in the former the exudation is very much 
richer in albumen and white blood-cells: it is also common for 
coagulation to take place in the dropsical tissues. 

Hydraemic or cachectic oedezna is very neai* akin to inflam- 
matory oedema. It was formerly believed that hydraemia, in , 
which the blood is impoverished of its solid constituents, and 
hjrdraemic plethora, or over-dilution of the blood with water, might 
directly give rise to increased transudation from the vessels. It was 
conceived that the vessel- wall acted like other animal membranes, 
through which liquids poor in albumen filter more readily than 
liquids rich in albumen. This is incorrect. CoHNHEiM and his 
pupils have shown that the vessel-wall is not to be regarded as a 
dead membrane; it is a living organ. When hydraemia is arti- 
ficially produced it is not followed by oedema. Even hydraemic 



^HAP. v.] OEDEMA AND DROPSY. 51 

plethora produced by over-filling the vessels with diluted blood, 
though it does lead to increased transudation, does not do so till 
the dilution has been carried to an extreme degree. Even then 
the oedema does not make its appearance at the parts which are 
the usual seat of hydraemic oedema in man. We must therefore 
look for another explanation of the oedema of cachexia and of 
nephritis (in which disease the function of the kidneys is dis- 
turbed). According to Cohnheim, they owe their origin, as we 
have said, to a change in the vessel-wall. This change is due to 
the watery character of the blood, or to some deleterious substance 
circulating in it. 

Hydraemic oedema, we say, is near akin to inflammatory 
oedema ; but it is not identical with it. This appears from the fact 
already alluded to — ^that the liquid eflfused in the former is much 
poorer in albumen than that in the latter, and that it contains 
considerably fewer of the corpuscular elements. 

The doctrine of oedema in its present form is essentially due to the work of 
Cohnheim and his school This is true as well of the theory of oedema from 
engorgement as of the theory of hydraemic and inflammatory oedema. It 
was he who made out the nature of the disturbances of the circiuation involved 
in passive hvperaemia, as well as the conditions which govern the morbid 
ali^tions of the vessel-wall. (See Cohnheim's Vorles. Ub. aUg. Patholoaie * 
2d edition 1882, and his Untersitchungen uber die emholischen Frooesae Berlin 
1872.) The researches on the consequences of hydraemia and hydraemic 
plethora were carried out' by him in collaboration with Lichtheim ( Virch. 
AfrA. vol. 69). Solutions of common salt were injected into the vascular 
system of dogs, but no oedema was produced by this dilution of the blood. 
When the blood-plasma is increased in amount, almost all the secretions 
(urine, saliva, bile, intestinal juice, &c.) are forthwith increased. The current 
of lymph in the lymphatics is also increased, but not in all parts ; notably not 
in the limbs. In extreme hydraemic plethora the 'abdominal organs become 
oedematoua, but never the limbs. 

On inflammatory transudation and oedema see also Lassar ( Vtrch. Arch, 
vol 69). 
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CHAPTER VI. 

ESCAPE OF THE BLOOD FROM THE VESSELS. 
HAEMORRHAGE. (THROMBOSIS, EMBOLISM, 

INFARCTION.) 

26. Haemorrhage or extravasation implies an escape of 
. blood (with all its constituent elements) out of the vessels into a 
tissue, or upon a free surface. It may be arterial, venous, capillaiy, 
or from all the vessels together, in which latter case it is termed 
' parenchjrmatous.' Such an extravasation into a tissue takes on 
varioua app^rances according to the quantity of blood which has 
escaped ; and special names are c;iven to some of these. 

When the quantity is small and forms more or less sharply 
defined red or Drown spots, these are called petechiae or ecchy- 
moses: when larger and less defined thev are ragillations or 
sanguineoui rafiliflions. If the affected tissue is completely 
infiltrated by the escaped blood, we speak of it as a haemorrhagic 
infkrct. If the blood forms a tumour or swelling, it is called a 
haematoma or blood-tumour. 

Haemorrhage in quantity always causes serious changes in the 
tissue invaded: not infrequently (as in the brain) the tissue is 
stretched, torn, and disintegrated. 

If the bleeding take place from the free surface of an organ, 
the blood flows away either altogether or into the cavity which is 
bounded by the free surface. 

Certain haemorrhages have received names from the localities 
in which they occur. Thus bleeding fix)m the nasal mucous 
membrane constitutes epiitaziB; vomiting of blood is haema- 
temeiii; bleeding fit)m the lungs gives rise to haemoptoe or 
haemoptyiis; from the uterus to me&orrhagia ; from the urinary 
organs to haematurla. 

A collection of blood in the uterus is called haematometra, 
in the pleural cavity haemothoraac, in the tunica vaginalis of the 
testicle ha e ma t ocele, in the pericardium haemopericardlum. 
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Fresh effusions of blood have the colour characteristic of 
arterial or of venous bloody as the case may be. 

In the course of time the extravasation undergoes certain well- 
marked changes. Especially remarkable are the changes of colour 
seen in ecchymoses and sugillations of the skin, which pass through 
tints of brown, blue, green, and yellow. Ultimately the extravasa* 
tion is absorbed (Arts. 68 and 112 — 116). 

27. The escape of blood from the vessels occurs in two distinct 
ways. A large and sudden haemorrhage always implies a solution 
of continuity in the vessel- walL This has been (ustinguished as 
haemorrhage by rapture (per rhexin, per diabrosin) or, clinically, 
as apoplexy, ouch solutions of continuity are the only causes of 
arterial bleeding: but frt)m veins and capillaries bleeding may 
occur in another way, namely by what is called diapedefllii. In 
this process the blood passes through a vessel-wall in which no 
rent exists. The escape is not sudoen but gradual. The blood- 
cells slip through the vessel-wall one after the other. Liquid 
escapes at the same time ; but it is not simply plasma, for it 
contains less albumen (Arts. 24, 25). These haemorrhages often 
remain small and circumscribed; but occasionally the process 
continues for a longer time, and then the infiltration of the tissue 
with blood-cells may go on to a serious extent. It must not be 
supposed that haemorrhage by apoplexy (or rupture) is always 
large, or haemorrhage by diapedesis always small A rent in a 
cajnlla^ or a smaU vein will give rise to no great loss of blood; 
while the haemorrhage from lon^-continued diapedesis may reach 
an alarmiug magnitude. In a given case it is often by no means 
easy, often mdeed quite impossible, to decide whether haemorrhage 
has occurred by rupture or by diapedesis. 

The process of diapedesis may be observed imder the microscope. For 
this purpose the mesentery or the foot- web of a frog is used (Cohnheim). If 
the veins of outflow have first been ligatured, the capillaries and veins of the 
membrane are seen to be crammed with blood. After a certain time the red 
blood-corpuscles begin to escape from the capillaries and veins (compare 
Cohnheim, AUgemeine Paiholoave i, and Virxh, Arch. voL 41). The process 
is to be regarded as one of filtration (Herino, SUzungsberichte der Wiener 
AJtctdemie 57, 1868). As a result of the arrested outflow the blood seeks to 
escape laterally. ; it is in fact squeezed through the vessel- walL 

We owe to Arnold some very beautiful researches upon the diapedesis of 
red blood-corpuscles, as well as of other particulate substances introduced into 
the vessels ( Virch. Arch. vols. 58, 62, 64). Arnold at first thought it must be 
admitted that at the TK)ints of escape of the particles holes or slits occur, which 
he called stigmata ana itonuUa : afterwards however he recognised the supposed 

Tilings to be merely aggrM;ation8 of the intercellular or cementing substance 
the endothelial cells. Under pathological conditions this substance be- 
comes loose, and readily permits the corpuscular elements of the blood to pass 
through. Some beautiful physical ezpenments in illustration of the processes 
involved in diapedesis have been lately described by Hamilton (Proc, Boy. 
Soe. Edin. yoL xi). See also Schklarewskt, PflUg&rs Arch. voL i. 

28. The cause of rupture of the vessel-wall is either traumatic 
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injury, or disease of the wall itself. In all so-called spontaneous 
haemorrhage we must take it for granted that the latter cause is 
in action. Newly-formed vessels are likewise very easily torn. 
Increased blood-pressure of course tends towards rupture of the 
vessel-wall, but it never actually produces it if the vessel be per- 
fectly sound. 

^iapedesis comes into play when the pressure is raised in the 
veins and capillaries, and also when, caeteris paribtis, the vessel- 
wall becomes more permeable. It is very rapidly set up by 
obstructing the outflow of venous blood. The nature of the change 
in the vessel- wall which results in greater permeability is not yet 
completely understood ; but it is known at least that the excitmg 
cause of the change is a disturbance in tissue-nutrition (Art 25). 
Thus it may be produced by temporarily checking the blood-supply 
of the vessel, or by direct injury to the vessel-wall. Moreover 
certain poisons introduced into the blood may lead to the change. 
The vessel- wall must, in fact, be directly or indirectly damaged. 

Sometimes the defective structure of the vessel-wall is conge- 
nital. There are persons who show a great tendency to bleed 
upon small occasion. These are called ' bleeden,' and are said to 
exhibit the haemoirhagic diathesis or haemophilia. 

What we may describe as an acquired haemoirhagic diathesis is 
exhibited in the diseases known as morbus Trvacvlosus or purpura, 
and scurvy ; as well as in many of the infectious fevers ana toxae- 
mic affections, such as septicaemia, spotted typhus, small-pox, plague, 
icterus gravis, yellow fever, nephritis, phosphorus poisoning, &c. 
In some cases oi haemophilia neonatorum and of endocarditis, collec- 
tions of bacteria have been found to be the originating cause of 
haemorrhage. Such haemorrhages are sometimes slight, sometimes 
v&cy serious. They occur chiefly in the skin, mucous membranes, 
and serous membranes. Similar haemorrhages also occur sometimes 
in connexion with troubles of the central nervous system, chiefly in 
the stomach and the lungs. 

Full references to the literature of haemophilia are given by Lego {Haemo- 
philia London 1872, and St Bart Uo9p. kep, 1881), and by Ihmermann 
{ZiemueiCs Cydop, voL 17). 

Haemorrhages occurring in connexion with brain affections have been 
obfierved in the human Bubject and have also been experimentally produced in 
animals (Jehn, Allg. Zeitschrifi f, Paychiatrie 1874 ; Charcot, Lecons aur les 
maladies du sytthne nerveux i, 1875 ; Ebstein, ArcLf, exper, PatL n). 

ZiEQLER has twice noted serious haemorrhages of this kind in epileptics. 
In one case three-foiurths of each lung was completely filled with blood. He 
has likewise met with extensive haemorrhage into the lung in a patient who 
died of traumatic softening of the brain. 

29. The obstruction of arteries and veins plays the chief part 
in the production of irregularities in the circulation, and of nae- 
morrhagcs. This obstruction may arise in various ways, fix)m with- 
out by ligature or compression, from within not infrequently by 
thromboiis. By this term is meant the formation of a coagulum 
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or blood-clot within the vessel during life (Arts. 35 and 252 — 255). 
This coagulation occurs for the most part when the circulation 
is already weakened or arrested, and the vessel-walls diseased. 
The result is that the lumen of the vessel is first narrowed, and 
then as coagulation proceeds is blocked altogether. In the former 
stage the thrombosis is called concentric or incomplete ; in the 
latter it is obstractiYe. Thrombi are formed oftenest in the 
veins, but they occur also in the arteries and in the heart. If a 
thrombus becomes loosened from the vessel- wall, and so gets into 
the blood, it is carried on by the currents In this way it may pass 
from the systemic veins into the pulmonary arteries, or from the 
heart and greater arteries into the smaller ones. It becomes thei^ 
wedged in at the point where its size corresponds with the section 
of the vessel : and then by adapting its form to that of the lumen, 
or by setting up fresh coagulation on its own surface, it speedily 
blocks the vessel altogether. A thrombus thus swept into the 
vessel from a distance is called an embolui. It is generally 
situated at the bifurcation of an artery. 

The consequences of embolism are very various. Often 
enough the tissue concerned is very slightly affected; in other 
cases it may undergo anaemic necrosis (Art. 33); in others still 
what is called embolic infarction. 

30. The bleeding which sometimes ensues upon thrombosis of 
a vein is, as we have seen in Arts. 27 and 28, the immediate result 
of arrested outflow through the natural channels. The conse- 
quences of the closure of an artery have already been touched upon 
in Art. 22. The immediate consequences are these — First of all, 
the circulation is brought to a standstill, and the region beyond 
the block becomes anaemic. If the arterial twigs of this region 
are connected directly with some other unobstructed artery, the 
latter forthwith dilates and conveys a sufficient quantity of blood 
to irrigate the starved region. The circulation is thus speedily 
re-established. 

If however the vessels of the region possess no such collateral 
connexions, the region itself is altogether deprived of fresh blood, 
and sooner or later perishes (Art. 33). 

If the emboHsed artery be, as Cohnheim calls it, a terminal 
artery, having no arterial anastomoses, a scantv influx of blood to 
the tissues fr^m the contiguous veins and capillaries may still be 
possible. It is in this way that a haemorrhagic infkrct is pro- 
duced. The capillaries of tne anaemic region bepome gradually filled 
with blood, partly derived from the capillaries of neighbouring 
regions, partly from slow reflux out of the veins. The blood oozing 
in firom the neighbouring capillaries is under a very low pressure. 
This pressure is insufficient to propel the blood out of the obstructed 
capillary system into the corresponding veins again. The blood 
therefore stagnates, and the capillaries become ever more and more 
engorged. Of course whatever reflux takes place from the veins 
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can only carry blood into the capillajy system ; it cannot suffice to 
drive the blood through the capillaries. 

In consequence of this engo^ement, due to lack of propelling 
power, diapedesis is soon established, just as in complete obstruc- 
tions of the venous outflow. The escape of blood is further aided 
by the disorganisation of the vessel- wall, set up bv the cessation or 
serious diminution o£ its supply of nutriment. The ultimate result 
of the diapedesis is the infiltration of the entire tissue with blood, 
and the formation of a firm, generally conical, haemorrhagic patch. 
Embolic infarcts of this kind are found chiefly in the lungs, the 
spleen, and the kidneys. As to their final fate see Art. 37. 

The fundamental experiments on thrombosis and embolism were originally 
made by Virchow {Gesammelte AhhandHungen Frankfurt a. M. 1856). 

YiBCHOW referred the production of the embolic infcirct to increased flow 
in the arteries of the contiguous regions, consequent on thd ischaemia of the 
region considered. This involved an increased lateral pressure within the 
vessels, and so increased tendency for the blood to escape. Cohnheih (C/nter- 
tuchungen fiber die embclischen Processe Berlin 1872), examining directly the 
results of embolism in the frog's tongue, established the existence of the reflux 
frx>m the veins, the gradual refilling of the capillaries, and the escape of blood 
by diapedesis. The efficient cause of the diapedesis he' considered to be an 
ischaemic disorganisation of the vessel-walL Litten {Untersuckungen fiber den 
hUmorrhaguchen Infarct Berlin 1879) regards the reflux from the veins as non- 
essential, and refers the refilling of the capillaries to the influx from contiguous 
regiona Even disorgamsation of the vessel-wall is, according to him, 
unessential to the production of an infEuxst; inasmuch as diapedesis is 
completely accounted for by the mere fact of engorgement (as is seen when the 
veins are obstructed). Diapedesis is for this reason increased when it chances 
that the blood coagulates in the vein of outflow frx>m the embolised r^on. 



CHAPTER VII. 



LYMPHORRHAGIA. 



31. Lymphorrhagia occurs when a lymphatic vessel is nip* 
tured and the contained lymph is effused into the tissues aroimd. 
The pressure in the lymphatics is very low, scarcely higher, that is 
to say, than that in the contiguous tissues. An escape of lymph 
from the vessel can therefore occur only when a cavity already 
exists at the place of rupture, or when one is made by the same 
injury which rent the vessel. Thus in wounds, for example, we see 
lymph and blood escaping together ; but the flow of the lymph can 
be arrested by interposing a very slight resistance. If the opening 
in the surfisu^ be not closed up after the rupture of a l}anphatic, so 
that lymph continues constantly to escape, as sometimes happens 
in the case of ulcers, we have lymph-fistulae formed. Such fistulae 
may lead to the loss of very considerable quantities of l}anph. The 
most important lesion of this kind, as well as the most likely to be 
dangerous, is rupture of the thoracic duct. This has occasion- 
ally been observed as a consequence of a wound ; but more com- 
monly of engorgement from closure of the lumen of the duct by in- 
flammation or tumour. The lymph escaping into the thoracic or 
abdominal cavity gives rise to chylcui hydrothcrax or chylcui 
ascitei. 

References : — Curnow, Ledures on the Lymj^uUic System^ Lancet 1, 1879 ; 
Day and Hill, Tram, Clin, 8oe. 1869 ; Catlet, Trans, Path. Soc 1866. 



SECTION III. 

RETROGKESSIVE DISTURBANCES OF 

NUTRITION. 



CHAPTER Vin. 



NECROSia 



32. ETeiything that lives comes sooner or later to an end — ^it 
dies. Death makes its appearance so soon as the vital enenrv of 
the oiganism. infused iAtoit when it was first engender^, is 
exhausted in antagonising external resistances. 

Besides this death of the oi^ganism as a whole, or somatic death, 
we recognise what we must regard as a localised death; a death, that 
is to say, of individual cells or cell-groups, which we call necrosis. 

The occiurence of local death or necrosis in a cell-eroup or entire 
organ is only in special cases associated with recognisable changes 
in structure. The slight histological changes the cells undeigo in 
dying are not always enough to indicate with certainty the exact 
factor which has caused life to cease. The naked-eye appearances 
of the larger organs do not always betray the fact that some part of 
them has become necrosed. 

Even the cessation of the obvious functions of an organ may 
leave us in doubt whether, as in necrosis, the cessation is permanent, 
or whether the functions are merely suppressed for a time. 

Thus we can only subject necroses to anatomical examination, 
when death of the tissue involves change in its structure either 
consequent or antecedent. The latter occurs only to a limited extent : 
the former {%. e, change consequent on necrosis) on the other hand \& 
invariably found after a longer or shorter interval. The varieties 
of necrosis are in fact distinguished from each other according to 
the nature of these consecutive tissue-changes. 

33. The injuries which lead to local death are divisible into 
three groups. The first includes those which destroy the tissue by 
their mechanical or chemical action. Thus external violence may 
crush a finger; sulphuric acid may destroy a patch of skin; and 
fungous parasites may disorganise the structure of a gland in which 
they are permitted to grow. A second group of injuries may be 
classed as thermaL Ii the temperature of a tissue be maintained 
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at 54* C to 58* C for any time, the tissue is inevitably killed. Hifi;^her 
temperatures act still more rapidly. The lower limit within which 
life may be maintained is 16* C to 18* C. A third cause of necrosis 
is arrost of mrtTiUon. This produces 'uiaemic necrosis/ and 
occurs very frequently in the human subject. 

All causes which seriously interfere with the circulation of a 
part, and bring about permanent arrest of its movement, or staslB, 
may lead to the death of the affected tissue. Such causes are 
thrombosis, embolism, closure of the vessels by disease or ligature, 
pressure on the tissue, inflammation, haemorrhage, &c. The arrest of 
the circulation need not however be permanent : it is enough if it 
persists longer than a certain time — necrosis still ensues. It is 
unimportant whether or not haemorrhage then takes place (Art. 30) : 
this will only affect the external appearance of the part. Hae- 
morrhagic iniarction is thus pathologically equivalent to anaemic 
necrosis plus haemorrhage. 

It is of course possible that mechanical, chemical, and thermal 
agencies may act together. Not infrequently they come into play 
successively in the same case. 

The effect of a given injury in producing necrosis depends not 
merely on the normal character and strength of the tissue, but also 
to an essential extent upon its condition for the time being. A 
tissue whose nutrition has suffered in consequence of deficient or 
vitiated blood-supply, general marasmus, or hydraemia, is much 
more apt to necrose than when it is in its normal state. Thus in 
old patients, and in those suffering from uncompensated valvular 
disease of the heart, very sU^ht injuries are enough to induce 
necrosis of the limbs. In emaciated typhoid patients the slightest 
pressure on the skin over the trochanter, elbow, sacrum, or heel, 
suffices to bring on gangrenous necrosis of the skin and subcutaneous 
tissues. Such necroses are described as senile or marasmic gangrene, 
and decubitus (bed-sores) or decubital necroses. 

The time required to produce necrosis by interruption of the blood-supply 
is different in different tissues. Brain-tissue, renal epithelium, and intestinal 
epithelium, die within two hours (Cohnheim AUgem, Pathologie), Sldn, bone, 
and connective tissue, continue to live over twelve houra In general it may 
be laid down — that tissues which exercise special functions die much more 
quickly than those which, like connective tissue, possess only the fiaculty of 
self-preservation, so to speak. 

84. The course of the necrosis (i. e, the character of the tissue- 
changes it involves) is influenced by such circumstances as the 
nature of the tissue, its locality, and the form and cause of the 
necrosis. Not less important are the amount of blood and proper 
fluid or juice contained in the tissue, and the access or exclusion of 
air and of putrefactive ferments. 

Moreover there may be antecedent tissue-changes which are not 
without influence on the necrotic process; such, for example, as 
fatty degeneration, inflammation, and haemorrhage. We thus see 
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that even if the necrotic process be in itself simple, t. e, associated 
with only slight histological change, the consecutive changes it 
involves may yet be very manifold. We proceed to discuss the chief 
forms which have been observed. 

A constant result of the death of a portion of a tissue is more 
or less severe inflammation in the surrounding portions. This is 
most severe when decomposition sets in in the dead portion. By 
means of this inflammatory zone, the necrosed region is in a way 
marked oif and isolated from the rest. The inflammation is hence 
described as definitive, and the zone as the line of demarcation. 
The process is more fiilly treated in Arts. 112 — 116. 

Among the various terminations of necrosis we may distinguish 
four main types. We exclude special complications, such as the 
development m the necrosed tissue of specific irritant mattera. In 
the first class, the dead tissue is absorbed and replaced by newly- 
formed normal tissue (regeneration, Arts. 72 — 80). In the 
second, the dead tissue is likewise absorbed, but is not replaced by 
normal tissue; an inflammation in situ is followed by the formation 
of fibrous tissue, which fills up the gap in whole or in part 
(healing by ecar or cicatrix. Arts. 112—^116). In the third, the 
necrosed tissue is only partially absorbed, a part remaining as a 
caseous mass; this later on becomes in general calcified and 
enclosed in a capsule of connective tissue (caseation and calci- 
fication. Arts. 112 — 116). The fourth issue is the formation of a 
cyst. The dead tissue is absorbed, and in its place there is 
developed a small amount of fibrous tissue, but only over the 
boundary of the vacated space. In other cases, this space becomes 
filled with fluid, which is thus encysted. This happens oftenest in 
the brain. 

a. Coagvlative {hyaline or fibrincms) necrosis, 

35. Necrosis accompanied by coagulation occurs in two ways. 
In certain of the vital fluids like the blood and l3rmph, and in 
fluids which have escaped fi-om the vessels, granular, fibrous, or 
homogeneous coagula are formed : that is one kind of necrosis. In 
the other, cells and cellular structures as they die become solid 
and firm, and coalesce into peculiar homogeneous or hyaline 

masses. 

The granular, fibrous, and hyaline masses which make their 
appearance when blood coagulates are albuminoid bodies : and we 
speak of them in general terms as fibrin. This fibrin takes the 
form of flakes or curds, shreds, lumps, or membranes. If red blood- 
cells are enclosed in the meshes of the fibrin as it separates, the 
clots are soft and dark red in colour. If coagulation does not take 
place in the plasma till this has separated from the red blood-cells, 
the clots produced are pale yellowish, soft, gelatinous, watery, trans- 
lucent, and somewhat tenacious : after a time they contract and so 
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become drier and tougher. In tymph, mere flakes only are formed. 
According to current theories, coagulation of the blood, or of the 
lymph, occurs when the white corpuscles die and dissolve in the 
plasma. Alex. Schmidt affirms that the plasma contains fibrinogen 
only. To bring about coagulation, that is the formation of fibrin, 
the presence of fibrinoplastm and of a ferment is necessary. Both 
of these are supplied by the white corpuscles as they dissolve in 
the plasma. 

Inflammatoiv effusions or exudations may coagulate as blood 
does, and so yield masses containing a lai^ amount of fibrin. 
These may lie on the sur&ce of the innamed tissue in the form of 
fUie membratiw (Fig. I). The fibrinous masses may be made 
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up of granules, of delicate fibres, of coarse-meshed trabeculae 
(rig, 1 c), or of homogeneous flakes. 

Alezamdbr ScHifiDT's Tesearcbes on blood-ooafulatioti ore to be found in 
his paper : — DU Lehre wm den firmetUaCwen OermnuTigen, Dorpat 1876. 
HONTEOAZZA has pursued Bimilor iDvestigationa — {Holeschott's t'tUerttick- 
vngen tw /faturUkra 1876). For other papers, see Gauqek'b Phyiiotogieal 
Chemittry ToL I, chap. 2. WoOLDRIDOB {Proc. Soy. Soc 214, 1881 and J}it 
Boii-Reymond't Arch. 1881) has recently puhlishea the result^ of a research 
oocducted in ProL Ludwio'b laboratory at Leipzig, in which he seeks to make 
out that coagulation is mainlj due to the action of deleterioua liquids on 
the blood-cells. In shed blood the plasma 'dies' and becomes deleterious in 
this sense : its action on the celU, eepeciallj the white cells, makes them 
break up and coalesce into a coagulum. A ten per cent, salt solution would 
have the some effect. 

The factors of fibrin are said to be furnished by Haybii'b haematoblasts, and 
by BizzozERo's " BlulpUuuJien." Tlie latter have been recently described 

(Cmtraih. f. d. med. If im. 2, 1882' " ' ■— ' -■-■---'- --'--■-- 

discs. According to Bizzozero i' 

which alone determines coagulation. . ._ 

not yet determined. They ore perhaps mere decolorised red blood-cells. 

Pull diacuBBions on the subject of fibrin and its origin are to be found in 
Vibchow'b Oeaammelte AhhaTuUungen 1856- The intra- vascular coagulation of 
the blood is treated more adequately in Art. 252. It is possible tlut, in the 
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coagulation of liquids contained in cellular tissues, the fibrinoplastic substance 
is yielded by the tissue-cells. These latter either dissolve altogether, or 
they permit their protoplasmic contents to escape in the shape of simple 
homogeneous masses. 

36. In the second form of necrosis with coagulation, the 
knowledge of which we owe chiefly to Weigert, the circumstances 
and the appearances presented are essentially different from those 
of the first. Here as before we have to do with the death of tissue 
occurring under special conditions, and resulting in the formation 
of coagulated albuminoids : but the coagulation takes place not in 
a liquid but in the substance of formed tissue-elements, in cells and 
cellular or intercellular structures. 

If by reason of arrested nutrition, or by the action of chemical 
or thermal agencies, a definite segment of an organ be caused to 
die, and if then a moderate amount of l}rmph happen to flow 
through the necrosed segment, we have the conditions which give 
rise to coagulation withm the tissue. The lymph contains fibrin- 
ogen, the cells contain fibrinoplastin ; between them fibrin is 
produced. Cohnheim introduced the term coafin^lative necroslB 
to describe this special form of local death. Sometimes at least it 
may be fitly spoken of as hyaline necrosis. In this process the cells 
alter their appearance in various ways. The ultimate effect is 
always the destruction of the cells as such. 

The varieties of morphological change observed in coagulating 
cells and tissues are dependent, partly on diversity of structure in 
the tissues, partly on the quantity of fibrinogen effiised. The 
manner in which necrosis has been brought about is indifferent; 
but the dying of the tissue must not be too protracted, or degene- 
rative processes, such as fatty change, may intervene and render 
the cells non-coagulable. 

The chief investigations on this subject of coagulative necrosis are those of 
Weigert. A summary of his results is given in FtrcA. Arch. vol. 79. The proof 
of the fact — ^that interfusion of lymph may cause the destruction of cells and 
the disappearance of their nuclei — was effected bv introducing hardened pieces 
of tissue mto the abdominal cavity of rabbits. These tissues were transformed 
in the manner described. 

Similar cell-changes to those produced in coagulative necrosis, and more 
especially the disappearance of nuclei, may also result from mere putrefaction. 
Coagulauve necrosis may also be found combined with other retrogressive 
chai^ges, such as fatty degeneration. 

37. Among the numerous cases in which coagulative necrosis 
takes place must be mentioned embolic InfkrcUon. A certain 
time fidfter the obstruction of an artery of the kidney or spleen, 
there is foimd lying beneath the capsule an opaque yellowish-white 
conical patch. This patch consists of necrosed kidney- or spleen- 
tissue, with perhaps fragments of disorganised and completely 
decolorised blood-clot. If the patch be microscopically examined 
in unstained sections, its structure will be founa almost normal, 
though paler than the surrounding parts. The difference becomes 

M. 5 
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however sharply defined when the section is stained, for the necrosed 
part is incapable of taking up colour. The cells are strikingly pale 
and transparent, and their nuclei are either gone, or swollen up and 
unstained. In later stages the outlines of the cells become blurred, 
the nuclei vanish, and the cell-contents are metamorphosed into a 
finely-granular fibrinous mass. Later stilt this mass disintegrates 
and is absorbed (Art. 115). If the infarct was originally haeraor- 
rhagic, the effiiaed blood, like the tissue-elements, is changed into a 
colourless granular, or it may be homogeneous, mass. 

Minute investigations into the nature of haemorrhagic infarction have 
recently been made by Litten {(Jniarmchnngen iiher den naem. Infitret Berlin 
1879) and Guillebkad (ft'e llisialo^ie d, haem. Infarclet, In. Diss. Berne 
1680). According \a Litten, reuikl lufarctft are genemUy anaemic, i'. c not 
accompanied by bacmorrbage. QtriLLEBGUJ on the contrary says that both 
renal and splenic infiircU are generally haemorrhagic, hut become very quickly 
decolorised. Zieoler incliuew to the latter view, though he has examined 
recent infarcts in which he was unable U> demonstrate either haemorrhage or 
its traces, 

38. The so-called waxr degeneration of muscle (Zenkek) is 
also an instance of coagulative necrosis. Muscle-fibre invariably 
coa^lates after death, but generally preserves its striation. Under 
various influences however, as e.g. after bruising, forcible extension, 
raising of the temperature, or febrile disease, the muscle substance is 
here and there disintegrated, and the contractile myosin coagulates 
into a lustrous homogeneous mass (Fig. 2 h). This mass breaks up 
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into shining flaky lumps. To the naked eye muscles so affected have 
a dull semi-opaque lustre, and look not unlike the muscles of fish. 
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Coagulative necrosis veiy often occurs in the couise of inflam- 
matory processes. It is hardly ever quite absent where there has 
been copious exudation. In such cases it may take one of two 
forms. Either the effused fluid dissolves up the contained cells 
and then coagulates {Art, 35 Fig. 1 and Art 102) ; or the tissue- 
cells themselves coagulate, forming homogeneous lumps or fibrous 
reticulated masses. To give an example, the ordinary stratified 
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epithelial cells (Fig. 3 a) of the phaiynz and soft palate in diph- 
theritic faudum (diphtheria) solidify into a peculiarly-formed 
trabecular mesh-work (Fig. 3 c). Similar changes m the epithelium 
are observed in various cutaneous inflammations, such as small-pox. 
The aggregations of cells which accumulate in simple inflammation 
may also solidify into pale hyaline flakes or granular masses. Such 
solidifications occur, for example, in typhoid infiltration of Peyer's 
patches and of the lymphatic glands, and in the cellular exudations 
which fill the pulmonary alveoli in caseous bronchopneumonia. 
The formation of continuous hyaline masses out of cellular material 
may be typically seen in diphtheritic desquamation of mucous 
membranes (Arts. 103 and 425) : the entire infiltrated tissue some- 
times solidifies in this manner. 

The ground-substance of connective tissue, hyaline membranes, 
the wal& of blood-vessels, &c. are all liable to be transfused with 
coagulable liquid, and then to coagulate into homogeneous masses. 

6—2 
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b. Caseation. 

39. Oaseatioii (or tyrosis) is a pathological transformation of 
tissue, whose product somewhat resembles in appearance firm new 
Cheshire cheese on the one hand, or soft cream cheese on the other. 
The name refers merely to the outward appearance of the product : 
the process which leads to its formation is by no means always 
the same. 

In the first form of caseation — in which the degenerated tissue 
is firm, tough, yellowish-white, and somewhat translucent — the 
process is one of coagulative necrosis. This occurs most frequently 
m tissues which are rich in cells; for example, in the foci of 
tuberculous disease, in cellular tumours, and in inflamed lung. 
A tissue which has become completely caseous is always devoid of 
nuclei, and is either homogeneous or finely granular. The trans- 
formation of a tissue into a firm cheesy mass may occur in one of 
three ways. The tissue may gradually assume as a whole a more 
and more homogeneous appearance, losing its nuclei the while. 
Or detached homogeneous masses may first be formed, which later 
on fuse together into a continuous mass. Or lastly, the tissue- 
cells may first dissolve and be replaced by granules and granular 
fibrils of fibrin ; these last then close up and coalesce into a dense 
uniform mass. The last process is chiefly observed in the caseation 
of the cellular exudations of pneumonia ; the first chiefly in tissues 
which, in consequence of chronic inflammation or tuberculosis, are 
the seat of a fibro-cellular hyperplasia. It should be noted that 
caseating masses originally homogeneous may, by subsequent trans- 
formation, take on a more granular appearance. 

The softer form of caseation changes the tissue to a dull 
white. The chief part of the mass is made up of granular fatty 
and albuminous detritus. Neither cells nor cellular structures are 
any longer recognisable. This form of caseation is generally the 
result of a fatty disintegration of cellular tissues or exudations 
(Arts. 60 — 54), which have lost water by absorption. The tissue 
thereupon becomes inspissated, and its opaque appearance is due to 
the formation in it of minute oil-globules. 

The firmer and softer forms of caseous change are not very 
sharply distinguished. At times both forms may be found 
together in one organ. It is even possible for the firmer form to 
be transformed, by processes physical or chemical, into the softer. 
The ultimate fate of caseous foci is either softening and liquefaction 
with absorption (Arts. 112 — 116), or calcification. 

c. Colliquative necrosis or Softening. 

40. Oolliquative necroslB, in which the affected tissue 
becomes as it were liquefied, is closely akin to coagulative necrosis. 
In each case the necrosed parts become saturated with liquid. 
CoUiquation may thus either precede or follow upon coagulation. 
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For example, the coagulation of the blood and formation of a clot 
is preceded by the liquefaction or solution of certain cells centred 
in the blood. A similar process may be observed in the case of 
blisters following upon bums. 
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The first change perceived is an enormous swelling up of the 
epidermal cells overlying the papillae (Fig- 4 d) ; the ceils being 
wholly or in part killed by the action of the heat. This swelling 
up depends on the absorption by the dead cells of the liquid which 
transudes from the papillary vessels. It becomes at length so 
extreme that the cell-substance dissolves completely and the cell- 
membrane itself disappears. Not until the tumefaction and 
colliquation have reached a certain point — i.e. when the cell is 
distended to a mere vesicle, or has gone altogether — do the 
granular fibrib which indicate coagulation begin to appear (/, g, h). 

In some tissues this coagulation after colliquation does not 
occur. Thus in anaemic necrosl* (aoftenlng) of the brain we 
have simply disintegration and liquefaction of the brain-substance. 
The several constituents of the tissue break up, and dissolve in the 
liquid which is poured out from the vessels. They are then 
atHiorbed, and the liquid becomes gradually clear again: but there 
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is no coagulation. The reason of this probably is — that brain- 
substance contains but few coagulable matters, and on the other 
hand that the effused lymph, not being the result of acute inflam- 
mation, contains but little fibrinogen or fibrinoplastin. The same 
thing is at times to be observed in other tissues, as for Instance in 
so-called ' softening of the heart,' when the muscle-substance has 
already undergone fatty degeneration. Here the antecedent de- 
Sfeneration has notably oiminished the amount of coagulable matter 
m the muscular tissue. 

But coUiauation of the tissues may follow upon coagulation as 
well as preceae it. It is a very frequent occurrence for coafi^lated 
exudations (as in croupous pneumonia) or thrombi to breaK down 
and liquefy. This ' liquefaction of coagulated masses is alwajrs 
accompanied by certain chemical changes, the efficient causes of 
which are frequently of the nature of organised ferments (Art. 42). 

d. Dry Gangrene or Mv/mmijicatton. 

41. Dry gangrene is commonly the result of necrosis in 
parts which are exposed to the air. 

Typical examples are afforded by the so-called senile gangrene 
of the extremities, especially of the toes and feet ; and likewise by 
the necroses of the same parts following upon frost-bite. In the 
first case, the necrosis is determined by defective blood-supply, 
partly owing to general feebleness of the circulation, and partly to 
local changes in the blood-vessels. 

The affected part is generally engorged with blood when 
necrosis sets in, ana thus exhibits a dark or livid coloration. The 
engorgement is due to stagnation of the blood-current from mere 
feeoleness of propulsion. -AJber the death of the part, the colouring- 
matter of the blood transudes and gives the tissues their dark-r^ 
appearance. At the same time the tissues begin to dry up by 
evaporation. This drying process is notably accelerated when the 
epidermis separates, as happens when the engorgement has been 
extreme, and in frost-bite. The part becomes first leathery, and 
then perfectly hard, brittle, and black. Under the microscope the 
tissue-elements are seen to be shrunken and withered. 

Diy gangrene or withering is a physiological process as it 
affects the stump of the umbmcal coni in in&nts. Between the 
soimd tissue and the gangrenous there is formed an infiammatoiy 
line of demarcation (Art. 115). Dry gangrene may at times occur 
as a later stage of moist gangrene. 

e. Moist Oangrene or Sphacelus. 

42. Moist gangrene is necrosis followed by decomposition 
and putrefaction of the necrosed tissue. If septic organisms reach 
a dead tissue which is rich in blood or other liquid, it very soon 
begins to decompose. The organisms may reach the part either 
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directly fix)m the air (as in gangrene of the skin or lungs), or 
through the channel of the circulation (as in gangrene of the testis, 
or of the foot). Farts which are exposed and abound in blood* 
vessels, such as the foot, become livid from diffusion of the 
colouring-matter of the blood. The epidermis frequently rises in 
blisters and bullae. Soon the putrefying tissue begins to stink, 
and then to disintegrate. Slight mechanical causes readily give 
rise to wounds, and in these the tissue is seen to be infiltrated with 
discoloured blood, and it is brittle or even tinder-like. Correspond- 
ing to the obvious naked-eye disintegration of the structure are the 
profound chemical changes which take place (Arts. 191—192) : and 
the final result is the total destruction of the tissue as such. Not 
infrequently gases are evolved during the process, giving rise to so- 
called gangrenous emphyaema (gangrene gazense). The rapidity 
of the destructive process depends greatly on the nature of the 
affected tissue. Bone preserves its form for a long time in the midst 
of a gangrenous mass, while the soft parts perish veiy quickly. 

The microscope shews that in this process of decay septic 
organisms are always present (Arts. 192 et seq.). Blood-corpuscles 
quickly cease to be distinguishable, inasmuch as they break up and 
dissolve, or here and there become transformed into granular 
pigmented masses. Other cells become turbid, lose their nuclei, 
Dreak up, and disappear. Fat-cells disintegrate, and the oil they 
contain mingles in small globules with the gangrenous mass. The 
fibres of the connective tissue swell up, ctow turbid and ill-defined, 
and finally dissolve. Elastic tissue, tendon, and cartilage hold out 
for a long time, but ultimately perish in like maimer. In general 
terms we may put it — that gangrene involves the gradual solution of 
the solid constituents of the tissue, and results in the formation of 
a dirty grey, ffreyish-black, or greyish-yellow, opaque, semi-fluid 
mass, mixed with shreds and remnants of various structures. The 
various normal elements of the tissue thus disappear in succession ; 
while new crystalline products of chemical decomposition appear 
instead, such as fatty needles of margarin, needles of tyrosin, 
spherules of leucin, * sarcophagus-crystals ' of triple phosphates, and 
granules of black or brown pigment. 

In the later stages of putrefaction, mould-fimgi at times make 
their appearance on parts exposed to the air (Art. 221). 

Further details of the tissue-changes in Gangrene may be found in Demmb, 
(Jeber die Verdnderungen der Oeioebe hei Brand Frankfort 1857 ; and in 
KiNDFLEiscH, Pothological Histology (Sydenham Society). See also Chauveau, 
NScrobiose et gangrhfM Paris 1873 ; Paget, Swrgical Pathology, 

Putrid decomposition, and therefore also gangrene, can arise only through 
the agency of micro-organisms. Furthermore, the presence of a certain proper- 
tion of water in the tissue is essential. If the tissue dry up, the development 
of septic organisms ceases, or is at least seriously retardea ; and with it also 
the process of decomposition. The chemical products of the gangrenous 
decomposition of the tissues are hydrocarbons, ammonium sulphide, sulphu- 
retted hydrogen, valerianic acid, butyric acid, &c. ; and ultimately carbonic 
add, ammonia, and water. 



CHAPTER IX. 



SIMPLE ATROPHY AND PIGMENTARY DEGENERATION. 

43. In treatinc^ of malformations, we showed that in conse- 
quence of arrested development members, organs, or parts of organs 
may be ill-grown, misformed, or altogether wanting. Or if the 
plastic energy that determines growth be deficient, the entire 
organism or some of its parts may be dwarfed and stunted. 
Defective development of this kind, i,e. aplasia or hypoplasia, may 
occur after birth as well as before it. So long as the organism 
continues to grow, so long as new parts or organs continue to be 
formed in it, so long is its growth liable to be checked by external 
or internal influences. 

We may often observe this hjrpoplasia in the child. At birth 
it may have been anything but puny, yet under the operation of 
external causes, such as defective nutrition, various kinds of 
disease, or others less easily recognised, it later on shows signs of 
imperfect development in some of its systems or organs. The 
consequence is a dwarfing of the entire frame or of its parts, very 
often associated with faulty structure and function of the viscera. 
This hjrpoplasia makes itself especially evident when the bones are 
badly developed, as also when the heart and great vessels, the 
genital organs, or the central nervous system are under-grown. 
The association referred to is observed, for example, in cretins, 
whose bones are generally ill-grown ; and in chlorotic females, where 
with hypoplasia of the vascular system there is also some imper- 
fection of the generative functions. 

Now atrophy is not to be confounded with such hypoplasias or 
aplasias. In atrophy we have to do not with defective develop- 
ment, but with retrogressive change in parts originally well- 
formed and well-grown. 

44. The life of an organ, like that of an individual, is limited 
in its duration. The active cell-growth of the period of develop- 
ment is succeeded by a stage in which the formative activity is less 
marked. In the latter stage the equilibrium between cell-growth 
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and cell-decay is maintained with but slight oscillations to one 
side or the ouier. 

In old age this equilibrium is disturbed, and decay has the 
upper hand. An involution (the reverse of evolution) of the 
entire organism and of its parts takes place. Thus a man 
ultimately dies, even when there is no question of disease, so soon 
as the advancing involution of his vital organs reaches a stage at 
which they can no longer efficiently perform their functions. 

But besides this general retrogression, or senile decay, there is 
a physiological retrogression of particular organs, which takes place 
much earher in life. The generative organs in woman lose their 
functional power long before extreme old age. The thjrmus gland 
has undergone complete degeneration by the age of adolescence. 
Various tissues, like the hyaline cartilage which is the first 
rudiment of bone, are in their very nature temporary structures. 
The several tissues then, like the organism itself, inherit but a 
measured lease of life. 

Considered anatomically, retrogression shows itself in an organ 
by diminution of its size: microscopically, by diminution and 
ultimate disappearance of its constituent elements, especially of 
the elements which are special to it. 

45. An organ, towards the close of its life, undergoes what we 
have called a pnysiological retrogression. But analogous retrogres- 
sive processes may occur, as it were prematurely, under pathological 
conditions. Their result we describe as simple atrophy. 

This pathological atrophy is distinguished, like the other, by 
shrinking of the organ affected, or by diminution in size and 
number of its essential elements. 

In the case of dense parenchymatous organs like the liver, 
kidney, heart, or brain, the shrinking is the first thing which is 
likely to strike us. If the shrinking has been uniform the surface 
remains smooth : if it has been irregular the surface looks uneven 
and granular, and the external form of the oi^;an may be altered. 
On the other hand, atrophy of bone shows itself rather by thinning 
of the trabeculae and widening of the medullary cavities, than by 
any general diminution in size. So too in the lungs, we recognise 
the occurrence of atrophy by the increased size of the air-spaces, 
and the loss in part of the alveolar septa. 

Compared with the shrinking and loss of substance, the pig- 
mentary change so often associated with atrophy is of minor 
importance. It is a secondary, non-essential phenomenon in the 
process. It depends either on the fact that the normal pigmenta- 
tion of the tissue becomes more pronounced as the essential 
elements disappear ; or on an actual deposition of pigment associ- 
ated with the atrophic process ; or lastly on some alteration in the 
amount of blood contained in the tissue. 

46. The shrinking of an atrophied organ is due to the fact 
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that its elements dwindle and disappear. Here, aa in the case of 
senile involution, it is the proper and specific elements of the 
organ which suffer the most; and the supporting framework of 
connective tissue the least. It is in fact veiy frequently observed 
that the connective structures remain perfectly intact or even 
increase and grow, while the specific elements have already dis- 
appeared. Thus in the illustration (Fig. 5) of a muscle undergoing 
atrophy, the contractile substance (a) contained within the sarco- 
lemma has distinctly dwindled (b). But the connective tissue 
separating the fibrillae remains undiminished ; the nuclei of its 
cells seem even to have multiplied. 



F:o. 0. Section oi" m jithophied mdscle. 
{Froitt a cate of progremive miucular atrophy : Bitmark-bToicntlaitiing: x 300] 
a Dormal niusole.Gbra b atrophied mnicle-fibre 

c perimyrivm inUmuni, in vihich tbe nuclei as at r, are seen to be inoT«»s«d 
in number 
Similar appearances are readily observed in atrophied liver- 
tissue. There every one of the gtand-cetls may have vanished, and 
yet there may be no diminution in the amount of the connective- 
tissue firamework. So too in preparations of brain and spinal 
cord, the ganglion cells may have altogether disappeared, without 
any visible change in the neuroglia. 

Adipoae tissue is peculiar in ita mode of atrophy. The fat in the c«lls 
breaks up into small oil-globuIes which are absorbed : the empty cells returu 
to their first conditiou of ordinary comiective- tissue cells. At times the 
disappearauco of the Mntained fat is followed by proliferation of the nuclei 
(atrophic proUfontlon). If serum tranaude into the tissue alter the fot 
has gone, the tissue becomes gelatinous in appearance (aemus atrophy). If 
lastly pigment be deposited in tbe atrophied fat-cells, the tissue becomes 
yellow or yellowinb-brown (pigmentary atrophy). See Flemuinq, Archiv 
f. mikrotkop. Anatomie vii, and VinJi. Arek. vol 52. 

47. Atrophy may result irom various causes. It has already 
been indicated (Art. 44) that the tissues may themselves possess 
inherent properties which determine their retrogression and decay. 
The efficient cause of this form of atrophy (described as active 
atropby) is that the cells are no longer able to assimilate properly 
tbe nutriment brought to them. Atrophy like this, depending on 
internal conditions, seldom occurs as a pathological process. Only 
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the so-called atrophy of inaction and trophoneurotic atrophy should 
perhaps be classed as pathological. 

Atrophy of inaction occurs in organs that are subject to the 
direct influence of the nervous system, and perform their specific 
functions in obedience to nervous influence. Such are glands, 
nerves, and muscles. If a muscle or a gland be condemned to 
inaction for any length of time, it is apt to undergo atrophy. It 
is not uxmatural to infer that the atrophy depends on the absence 
of functional activity in the cells, and to firame the hypothesis that 
nutrition and functional activity go hand in hand and fall off 
together. 

A typical instance of trophoneurotic atrophy is seen in 
the rapid disappearance of the muscles in cases where their proper 
nerves have been injured, or where there is disease of the anterior 
horns of grey matter in the cord. It appears that certain ganglion- 
cells in the anterior horns have a powerful influence on the 
nutrition of the muscles in connexion with them. The disappear- 
ance of these cells, or the severance of their connexion with the 
muscles, involves inevitably the atrophy of the latter. 

Leaving these cases out of account, we may fairly refer all 
other forms of premature atrophy to defective nutrition. The 
process of the atrophy is the same whatever be the particular 
&ctor underlying the deficiency. This factor may be general 
anaemia, local change in the nutrient vessels, defective assimilation, 
or any other disorder of the kind : but it can at most determine 
the site and extent of the atrophy, not the process. Atrophv of 
this kind, occasioned by diminished nutrition, is distinguished as 
passive atrophy. Atrophy consequent on pressure is brought 
about, partly by mechanical hindrance of the cell-functions, partly 
by direct injury to the tissue, partly by interference with the 
circulation. 

CoHNHEiH {Handbiich d. aUgemeinen Pathologie) includes atrophy of 
inaction among the passive atrophies, and maintains that it depends on 
diminished blo^-supply. It is not eas^ to believe that this explanation is in 
all cases adequate. Without imdervaluing the importance of the blood-supply, 
there seems to be no objection to the theorv that the assimilative power 
of an active working cell may be greater than that of one which is at rest. 



CHAPTER X. 

CLOUDT SWELUNG AND DROPSICAL DEGENERATION. 

48. The term cloudy iwelliiig or parenchymatoiu degene- 

ration ia due to ViRCHOW (FVrcA Arch vols 4 14) He describes 
hy it a certain swelling up of the elements of a tissue by 
imbibition or accretion : and defines it as a form of hypertrophy 




FlO 6 Cl^DDT B 

{Prtparatton treated u>ith chromic acid and ammonia: x 800) 
a normal epithelmm b cloudy Bwelling commencing 

c BdTSDced deganeration d loose degenerate epitbeliam 

with a tendency to degeneration. The degenerative side of the 
process is the more important one. Histological investigation 
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shows that the process consists in the formation of free OTanules in 
the substance of the aflfected cells, which may, for example, be those 
of the renal epithelium, of the liver, or of the heart-muscle. These 
free granules are to be regarded, from their microchemical reactions, 
as albuminoid bodies : they are soluble in acetic acid and insoluble 
in alkalies or ether. Their presence gives the cell a turbid or cloudy 
appearance, and its normal form and structure quickly disappear. 
Thus in cloudy swelling of the renal epithelium (Fiff. 6), the cells 
lose their longitudinal markings and the processes which normally 
project into uie lumen of the tubule (a). The cell as it swells 
becomes rounder, and dark granules appear within it (b, c). The 
process depends on a degeneration of the cell-protoplasm. The 
cell becomes infiltrated with liquid, and a partial separation of its 
solid and liquid constituents takes place. The degenerative process 
often ceases when it has reached a certain stage, and the cell returns 
to its former normal condition. In other cases, the cell-substance 
perishes, and breaks up into granular detritus. Frequently the 
process is associated with fatty degeneration (Art. 50). 

Cloudy or granular degeneration is of very common occurrence. 
It is found in the parenchymatous organs, such as the liver, kidnevs, 
and heart, in most cases of infectious disease ; but chiefly in scarlet 
fever, typhoid fever, small-pox, erysipelas, diphtheria, septicaemia, 
&c. The affected organs have a cloudy, dull, often grejdsh look : 
in the severer cases they look as if they had been boiled. They 
contain an abnormally small quantity of blood, and are doughy in 
consistence. The minuter structure of the organ is blurred or 
altogether destroyed. 

There is a certain morbid change in connective-tissue cells 
which may be classed under this head. It is frequently observed 
in oedematous or inflamed connective tissue. The affected cells 
swell up, and dark spherules form in the nucleus as well as in the 
cell-protoplasm. These spherules, with which the cells are often 
tightly crammed, are distinguished by their power of taking up an 
intense colour when stained, especially with aniline dyes; in this 
they behave like micrococci. Their significance is not understood, 
though their formation may probably be regarded as evidence of a 
retrogressive change. 

49. The term dropsical degeneration fairly describes a 
morbid change observed chiefly in epithelial cells. They imbibe 
liquid and become sodden and swollen. The process is near akin 
to cloudy swelling and degeneration, though the changes in the 
dropsical cells are of a somewhat peculiar nature. The imbibed 
liquid causes the cell to appear translucent (Fig. 7 e). The granules 
of the protoplasm are pushed asunder, and often crowded towards 
the periphery; so that the cell comes to resemble somewhat a 
vegetable cell (/ and g). It becomes at the same time vacuolated, 
the spherical vacuoles containing clear liquid. The nucleus also 
swells up, and at length appears as a distended vesicle with clear 
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contents. Chaoges of this kind may be aeen in the cells of dropsical 
tissues and in inflammation. In inflammation it is chiefly the 
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g degenerate epithelial oells, into which 
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epithelial cells that exhibit marked changes (Fig. 7 d, e,/, g). In 
stained preparations the dropsical cells remain brighter than Uie 
healthy ones. 



CHAPTER XI. 



FATTY DEGENERATION. 



50. If parenchjonatous degeneration (Art. 48) go beyond a 
certain point, it often passes into fktty degeneration, that is to 
say, fat-globules form in the disintegrating cells. This variety of 
fatty degeneration is however of limited occurrence, compared with 
the other varieties to which the organism is liable. 

Fat, as we know, occurs in the body in considerable amount even 
under normal conditions. Certain regions, and especially certain 
tissues of the fibrous type, like the subcutaneous and subserous 
structures, the marrow, &c., are always rich in fat. The fat is as it 
were stored up in these special regions, being either derived from 
without, or formed on the spot in the cells of the tissue itself. 
Increase of the quantity in store, whether due to increased supply 
or diminished expenditure, does not rightly come under the title of 
fatty degeneration. We distinguish it as lipomatosis (obesity, 
adiposity). Within limits it must be deemed physiological : when 
excessive it may pass into the domain of pathology. In such extreme 
cases, fat is found in cells which normally contain none. The 
fatty deposit takes the form of oily drops, which soon coalesce into 
larger spherules ; until at length a single large fat-globule occupies 
the entire cell. Fatty infiltration of this kind affects chiefly the 
cells of the connective tissue in particular regions, and the liver- 
cells. 

True fatty degeneration must of course be distinguished from 
lipomatosis or fatty infiltration. The fat which occurs m the former 
is not fat in store, so to speak : it is fat resulting from the disin- 
tegration of albumen in the affected cells. Inasmuch as &t is 
normally formed from the albumen of the cells, and is consumed as 
it is formed, we are driven to suppose that in fatty degeneration 
either the disintegration of albumen is increased, or the consumption 
of the fat produced is impeded. Both these things may occur, but 
it is specially to be noticed that in fatty degeneration the lost 
albumen is not replaced, so that the production of &.t is associated 
with atrophy. 
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51. A cell undergoine; fatty degenemtion always shows larger 
OF smaller oil-drops in its interior. These are 
colourless, bright, dark contoured, insoluble in acetic 
acid, soluble in alcohol and in ether. In perosmic 
acid they stain black. The number and size of the '"^^ 

oil-drops in the interior of a cell vary greatly the f\i. 

size even of the largest is not usually great Thus "* *.- 

for example, in fatty degeneration of the muscle of 
the heart, we find more or fewer according to the 
degree of the degeneration (Fig. 8). But they are 
all small and seldom coalesce into larger drops they 
never form very large ones. In fatty degeneration 
of the kidney (Fig. 9) the appearances are similar ; 
but the size of the oil-globules is not so regular (c, e). ™« »**" (x 2'*> 
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e fatty epithelial cells tn litu 

/ looBoned fatty epithelial cells 

g hyaline ooagiila (fonniDg 'casts') 



tatty ca 
I amyloid artery 
k amyloid capillary 
I infiltration of conneetiTe ti 

leacocytes 
m iomid-oellBlleaao(^B)mBid 

teroQB tnonle 



When the degeneration becomes more advanced, the fatty 
epithelial cells are shed and become disintegrated (/), The oil- 
globules they contain are thus set free and accumulate in the 
tubules (A). 
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Fatty degeneration may occur in connective-tissue cells as well 
as in epithelial cells. If it affect entire cell-groups or systems, it may 
be recognised even by the unaided eye ; and the more readily as 
the degeneration is more advanced, the proper colour of the tissue 
less marked, and the amount of blood present less considerable. 
Colourless transparent structures, like the intima of the heart (endo- 
cardium) and great vessels, take on an opaque white appeairance ; 
the cortical tissue of the kidney becomes grejdsh white or, when the 
&tty change is greater, opaque yellowish white ; the heart-muscle 
becomes yellowish ; and voluntary muscle pale yellowish brown. 

If complete disintegration of the tissue follow upon fatty 
degeneration, and if the mass of detritus lose water and become 
condensed, the fatty change passes into caseation (Art. 39); and 
the tissue assumes a dull white cheesy appearance. 

Like the cells of solid orrans, the cells of organic liquids such 
as pus, and those of coagulated exudations, very often undergo true 
fatty degeneration ending in their complete destruction as cells. 

In tiasues undergoing fatty degeneration, as also in liquids whose cells are 
d^enerating, there are very frequently found cells crammed full of £a.t- 
granules. THey are referred to as * fat-granule cells.' Their origin is only in 
part traceable to fatty degeneration of &e cells themselves. They are rather 
to be looked upon as migratory corpuscles which have taken up the fatty 
products of dismtegration, and so have become transformed into granule- 
earners (Art. 114). See Reinhardt, Virck Arch. voL 1. 

52. The caiue of fatty degeneration is to be sought in an 
alteration in the constitution of the blood, i. e. of the nutriment 
supplied to the cells. Deficient supply of oxygen plays a chief part 
in it. To this must be ascribed, on the one hana, the disintegra- 
tion of albumen and the formation of fat ; on the other hand, the 
fact that the fat produced is not straightway consumed. 

If to the lack of oxygen there is added a deficiency of proper 
nutriment, so that the albumen which is used up by transformation 
into fat is not replaced, the amount of albumen in the affected 
part must of course diminish. 

Corresponding to the case just indicated, we find fatty degener- 
ation taking place in conditions which are associated with general 
or local anaemia. For example, if the blood becomes diseased in 
such a way (anaemia, leukaemia) that its power of taking up 
oxygen is diminished, and its nutritive value lowered, fatty degen- 
eration is found to occur in the most widely different organs. 
The same thing comes to pass in particular organs which happen 
to receive too little blood, either in consequence of disease in the 
afferent vessels, or because the outflow of blood firom them is 
checked and its renewal hindered. Lastly, organs like the muscles 
which for any reason are left unexercised, and so fail to undergo 
an adequate amount of tissue-change, are very apt to become fatty. 

Various poisons, such as phosphorus, arsenic, and the ferments 
which produce fevers, may, like imperfect oxygenation, lead to disin- 
tegration of the albumen of the tissues and so to fatty degeneration. 

M. 6 
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We still seem fax distant from an exact miderstanding of the origin and 
the ultimate fate of the fat which is fonned in the body in physiological and 
pathological conditions. Hoppe-Setleb {Phydolog. Chimxe) inclines to think 
that fat cannot be formed directly from afoumen. He regards it as not 
imlikely that glycogen is first formed, and frx>m the glycogen fat. Yorr 
(^ZeiUchr. /. Biol, v, and Irenes Rsp. /. PharmacU xx), on the other hand, thinks 
it quite certain that fat may be formed at once from albumen : compare 
QuAiN, Med, chir. Trans, toL 33. According to Hermann, it is probable Uiat 
certain products derived from the disintegration of albumen are normally 
utilised in regenerative processes. If the oxygen needed for r^eneration is 
wanting, these products cannot be utilised and disintegrate still further : the 
expenditure of fr'esh material is thus increased. BiNZ and Sghulz {Arch, /. 
exper. Path, voL 14) hold that the cells, in their avidity for oxygen, take it 
up from the blood so long as the blood continues to part with it : when it 
ceases to do so the cells attack each other, and act as mutual reducing agents. 
The lateral 'chain' of the albumen-molecule (the chain which includes the 
nitrogen, on the theory of these chemists) is thus broken : the consequence is 
increased production of urea and of fat. They explain in this way the &tty 
changes observed in carbonic oxide poisoning. Bence Jones {Lectwea on 
Pa^iologry 4tc) accounts for the mx>nene8s of the liver to become fatty in a 
Bomewliat similar wav. See also Kanyieb {SocUti anat. 1868). 

On the effect of pnosphorus in inducing tatty change, see Voir and Baubr 
{ZeiUchr.f, 5tb/.vn), Lbwin ( Virch. Arch, voL 21), Ranvieb {Soc de Biologi$ 1866). 

53. It is generally, though not always, easy to decide whether 
the fat present in the cells of an organ is a product of degeneration, 
or simply a deposit by way of storage. It is commonly stated that 
the fat of degenerative atrophj appears in the form of minute non- 
coalescent drops ; while deposited fat occurs in large drops which 
readily run together. This is true of most tissues, but not of all 
It is true, for example, of striated muscle, heart-muscle, non-striated 
muscle, neuroglia, &c. But when the renal epithelium becomes 
fatty, fat-globules of very considerable size are sometimes formed. 
In ^e liver again, the fat of degeneration may form either small 
or large drops (the latter in phosphorus-poisoning). 

On the other hand, what we may call storage-fat is, in the first 
instance, deposited in very minute globules: while the great 
globules of fatty deposits, when about to undergo re-absorption, 
break up again mto minuter globules. 

But if the distinction is not always clear firom the histological 
appearances, we may get more certain information by considering 
the site in which the fat is foimd. The appearance of fet-globules 
in tissue-cells normally free from fat, in circumstances which pre- 
clude the idea of a determination of fat to the tissue, is evidence 
that fSskt has been formed in loco from the cell-albumen, and there- 
fore that the cells have so far become disintegrated. Difficultv 
can thus arise only in the case of organs, such as the liver, which 
may normally be the seat of fatty deposit, and on the other hand 
are prone to fatty degeneration. In such organs it is often hard to 
say how much of the fat they contain has oeen produced in loco, 
Jiow much has been brought to them from without There is a 
frirther complication, for the fat of degeneration is sometimes 
carried away from its original seat, and deposited in other spots in 
the form of a fatty infiltration, or of storage-fat. 



CHAP. XI.] FATTY DEGENEEATION. 83 

64. When iat is preseot in considerable qoantity it happens 
not infrequently that cirstalline products separate out from it. 
The so-ci^led ' fat-ciystms ' appear as feathery needles, grouped 
together in tufted bunches (Fig. 10 6). They are often described 
as needles of margaxlc acid. Whether they really contAin mar- 
garic acid is doubtful. It is known that equal parts of palmitic 
and stearic acid would give a mixture having the same composition 
as is ascribed to margaric acid : and further that palmitic, stearic, 
and oleic acids in combination with glycerin (as tripalmitin, 
tristearin, and triolein) form the chief components of ordinaiy 
animal fat It is therefore doubtfiil whether margaric acid or 
trimu^ariu really exists as a distinct component of animal &t at 
alL "niese fat-ciystals may form in fatty products of di^tegra- 
tion as well as in normal &t-cell8. In the latter case they are only 
produced post mortem. 




Fio. 10. Fat-obtbtaia (x800) 
a choteatarm-tabletB b free Inft of mu-guio-aeedles 

e taJt inalowcl in fat-oells d featheiy needles of 'nuiearieeciil' ormSTgaTiii 

In masses of fatty detritus it is very common to find what is 
called cludesteilii (properly cholestearin). This forms thin trans- 
parent rhombic tablets (Fig. 10 a), of^n notched at the angles. 
If these tablets are present in quantity, they m^often be recognised 
by their lustre with the naked eye alone. They are soluble in 
hot alcohol, ether, and chloroform, m oils, and in the sodium com- 
pounds of the two bile-acids (glycocholic and taurocholic). Treated 
with sut]^uric acid the crystals become purplish red, rusty, or 
violet, at their edges. The same coloration appears still better on 
treatment with iodine. Nothing is known of the mode in which 
cholesterin is formed. It is said to exist as a normal constituent in 
the brain (Gamqee). 

ScacLZE and Barbieri {Joum. f. prait, Chem. 25, 1882) r^ard choIesteriD 
aa aD intermediate product of vegetable metabolism and a constant component 
of v^etable cells. CholestcrinB of various compoeition are known, so toat the 
term aeems to indicate rather a chemical genu* than a definite eubetanoe. 

6—2 



CHAPTER XIL 



MUCOID AND COLLOID DEGENERATION. 



55. The mucoid degeneration of the tissues has its physio- 
logical type in the mucus-secretion of the mucous membranes and 
mucous glands. 

As is well known, the epithelium of the mucous membranes 
contains so-called goblet-cells (EiMER). These look like goblets 
filled to overflowing with a transparent substance. This latter is 
mucus formed firom the cell-protoplasm. The epithelial cells of 
the mucous glands are similar. They swell up when about to 
secrete mucus; the central parts become transparent, and the 
granules of the protoplasm become aggregated into groups or 
strings. The so-called mucus-corpuscles in the salivary secretion, 
with their glassy contents and tremulous granules, are merely 
leucocytes which have undergone mucoid metamorphosis. The 
mucous substance formed from the protoplasm of the cell may be 
extruded, and the cell may recover : m other cases the cell perishes. 

The same process of mucus-formation takes place under patho- 
logical conditions. For example, in catarrh of the mucous 
membrane we find that the increased secretion of mucus depends 
on an increased mucus-forming power in the lining epithelial cells, 
as well as in the cells of the mucous glands. Investigation shows 
that in cylindrical epithelium the goblet-cells (Fig. 11, 6) are 
increased in number. In the secretion also we may find cells 
in a state of complete mucoid degeneration ; they are transformed 
into glassy masses containing a few scattered granules (8 and 5). 
In other cells (7) the mucus may take the form of lumps of 
various sizes, enclosed within the unchanged cell-protoplasm. 

The epithelia of pathological tissues may like the normal 
ones undergo mucoid change. Tjrpical goblet-cells are occasionally 
found in the epithelial limng of ovarian and intestinal cysts. In 
certain forms of cancer, the majority of the epithelial cells undergo 
mucoid degeneration. 
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The fibrous tissues, like the epithelia, ore also liable to undergo 
mucoid degeneration. Thus connective tissue, cartilage, bone, 




FlO. 11. GaTABRHAL BBOBETIONS from TABIOUB mucous MSlfBBANES. (x 400) 

A irom cylindrical epitheliam, B from the month, C from the bladder. 1, ronncU 
oellB (pns corpuscles). 2, large ronnd-oells with clear nuclei from the nose. 
3, mucoid cylindrical cells ^m the nose. 4, Spirillum from the nose. 
5, mucoid ciliated cells from the nose. 6, goblet-cell from the trachea. 
7, round-cells with mucus-masses from the nose. 8, epithelial cells containing 
pua corpuscles from the nose. 9, fatty cells in chronic laryngeal and pharyn- 
geal catarrh. 10, cells from sputum containing soot-pigment. 11 and 12, 
squamous epithelium from the mouth. 18, mucus-corpuscles. 14, micrococci. 
15, Bacterium termo, 16, Leptothrix buccalis, 17, Spirochaeta denticola, 
18, superficial cells from the luadder; 19, deeper layer, 20, pus corpuscles. 
21, Sehizamycetes or bacteria. 

adipose tissue, marrow, sarcomatous tissue, may all become 
mucoid, and so assume a jelly-like translucent appearance. In 
these tissues it is usually the ground-substance which is 
transformed. The fibrous constituents lose their structure and 
become homogeneous. The tissue-cells may persist, or become 
fatty, or they may take part in the mucoia change. The final 
product is a hyaline mass recalling the original tissue only by 
virtue of a few stray fibrous shreds, or single cells, or groups of 
cells, scattered through it. 

Mucus swells up readily in water; acetic acid makes it co- 
agulate ; alcohol makes it turbid, white and opaque. 
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56. Colloid degeneraUon is closely akin to mucoid degene- 
ration; for here too the essence of the process is the meta- 
morphosis of an albuminoid substance. The details of the chemical 
changes which occur are not known. The material which consti- 
tutes the colloid substance is derived firom the epithelial cells. In 
aged persons, a certain amount of colloid change in the thyroid 
gland may be regarded as physiological. The parenchyma of the 
gland is full of large and small spherules, which on section have a 
^anslucent sago-like appearance. They are generally yellowish or 
brownish in colour, and of the consistence of firm jelly. If the 
colloid change has gone on to a pathological extent, this translu- 
cent substance may form the greater part of the mass of the gland. 
It may even lead to a marked increase in its size, fomung a 
colloidal goitre. Microscopic examination shows that the coUoid 
mass is homogeneous. It encloses but few cellular elements, and 
these for the most part at the periphery, where the colloid change 
is in progress. Sometimes a large contmuous patch of degenerate 
tissue may be produced by the coalescence of smaller ones. The 
formation of the colloid substance is indicated by the appearance 
of minute homogeneous spherules in the cells of the acini. These 
spherules escape from the cells, or become free when the cells 
themselves break up. When they come into contact, they coalesce 
to form the homogeneous colloid substance. 

Colloid spherules, exactly like those just described, are found 
in the tubules of morbidly altered kidneys. At times hrge 
masses of coalescent spherules occur iii cystic degeneration of the 
tubules. In the prostate gland similar formations also occur. 

Colloid substance is distinguishable from mucus by the fact 
that acetic acid does not induce coagulation, while alcohol and 
chromic acid produce no turbidity. 

In ViRCHOw's opinion, the homogeneous spherules, while contained in the 
cells, are not actually composed of true colloid substance. The latter is formed 
from them after they run together, in virtue of a special chemical transforma- 
tion. YiRCHOW describes the spherules as modified protoplEusm. Colloid 
substance is probablv a resultant of several albuminoid bodies. See Yirchow 
(Virch. Arch, vol. l\ Waoneb {Arch, f, phys, HeUk, 1856, 1866), Eberth 
{Virch, Arch, YoL ^l). 



CHAPTER Xin. 



AMYLOID DEGENERATION AND AMYLOID CONCRETIONS. 

57. Amyloid degeneraUon is a peculiar decfenerative process, 
which is apt to aflfect the connective tissues, and is progressive in 
character. It leads to the deposit of a special albuminoid body 
(the amyloid substance) in the affected tissues: these therefore 
increase in bulk and assume under the microscope a peculiar 
uniform semi-translucent appearance. The affection may occur 
in any of the organs, but it is specially common in the spleen, 
liver, kidneys, intestines, and lymphatic glands. 

When sufficiently intense the morbid change ia recognisable 
with the naked eye ; the part looks semi-translucent, so that it is 
described as 'waxy' or 'laniaceous', i.e. like the fat of fried bacon. 
If the change is confined to scattered patches, as it often is in the 
spleen, these look like grains of boiled sago or tapioca : hence the 
name ' sago-spleen '. & other cases, the process affects the spleen- 
tissue umformly. The whole organ grows large and firm to the 
touch; while the section presents the peculiar translucent lardaceous 
appearance. like appearances are found in the liver. The kidneys 
too may undergo considerable increase in size, and present in patches 
or throughout the lardaceous character, becoming at the same time 
firmer in consistence. In other cases the translucent patches are 
so small as not to be readily noticed; the possible presence of 
amyloid substance is however often indicated bv changes of another 
kind, such as fatty de&^eneration. In the intestme the degeneration 
is seldom recognisable without optical or chemical examination. 
The same is true of the organs that are less liable to the change, 
such as the heart, the great vessels, the thyroid gland, &c. 

58. The amyloid substance so deposited in the tissues in 
uniform shiny patches exhibits a peculiar reaction with iodine, 
and with some of the aniline colours. A solution of iodine in 
water, or better in potassium iodide and water, when poured on 
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the tissue to be tested, stains the amyloid substance a dark 
brownish red or mahogany colour. If added to a section under 
the microscope the staining is a bright brownish red, while the 
unaffected tissue remains pale yellow. Where the degeneration is 
extreme .the tissue may become almost woody in consistence, and 
then the staining may be violet or blue or greenish. If the 
ordinary iodine-stained tissue be treated with very dilute sulphuric 
acid, the amyloid patches take on a darker brown, or become violet, 
blue, or greenish: but the reaction is generally imperfect. Methyl- 
aniline or aniline-violet stain the amyloid substance bright ruby- 
red, and the healthy tissue blue or dark indigo. 

The peculiar iooine-reaction was first observed by ViRCHOW, the 
discoverer of the amyloid substance. This reaction led him to 
consider the amyloid substance as a non-nitrogenous body allied 
to cellulose and starch. Cellulose, when treated with iodine and 
strong sulphuric acid, is stained bright blue. Starch with iodine 
alone gives an ultramarine tint. For this reason VmcHOW called 
the new body ' amyloid '. It was not until some years later that 
Friedreich and KEKUufi proved the amyloid substance to be 
nitrogenous, to be in fact an albuminoid body. The special 
reaction of the amyloid substance enables us to detect its presence 
in the tissues, even when to the eye it is not differentiated from 
them. In examining fresh specimens in a cursory way, the only 
precaution necessary is to see that the surface is washed free from 
blood : the red colour of the blood blended with the yellow of the 
iodine may simulate the characteristic brownish-red staining. 

The amyloid substance is very slightly acted on by acids or 
alkalies. Alcohol and chromic acid do not alter it at all: and it 
has the power of withstanding putrid decomposition for a long 
time. It is not dissolved by gastric juice at the temperature of 
the body. 

Amyloid degeneration waa not altogether unkaown before ViRCHOW^a 
researches. Rokitanbky had previously introduced the names bacon-liver 
or lardaceous Uver, wax;^ liver, bacon-spleen, sago-spleen. But it was 
YiRGHOW who first investigated the nature of the amyloid substance, first of 
all in amyloid concretions (Art 61), afterwards in degenerated tissues ; and 
he discovered the iodine reaction ( Virch. Arch. vols. 6, 8). FaiEnREiCH and 
Kekul^ first showed that the suDstance was nitrogenous {Virch. Arch. voL 
16), which was confirmed by Rudnkff and Kuehnk (VircL Arch. vol. 33). 
The literature of the subject is fully given by Ktber, who has also made 
numerous additions to our knowledge regarding its occurrence {Die amyhide 
DegeneroUum Dorpat 1871, and Virch. Arch. vol. 81). Jurgbns first described 
the colour-reaction with iodised methyl-aniline ( Virch. Arch. vol. 65) ; CJoriol 
studied the reactions with other aniline colours {Arch, de phynol. 1874). 
Dickinson, showed that a characteristic blue coloiur is imparted to the 
amyloid substance by sulphate of indigo. 

59. The amyloid substance is either formed or deposited in 
the fibrous textures of the blood-vessels, and in the walls of the 
smaller vessels especially. 
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If a microscopic section of an amy- 
loid liver be so treated as to bring out 
the minuter changes in its structure, it 
is not hard to show that the seat of the 
affection is in the capillary walls, that 
is, in the periendothelial fibrous tissue. 
The endothelium is thicklv coated on 
itfi outer aspect with a uniform glassy 
layer, here and there broken up into 
lumps (Fig. 12); this is the amyloid 
deposit TEe liver-cellfl may remain un- 
changed between the amyloid masses, 
or they may be miashapen and partly 
atroplued. They very onen contam fat. 
If the afferent vessels be examined, it will be found that they too 
exhibit amyloid patches, especially in their middle coat. 

The appearances in an amyloid kidney are exactly similar 
(Fig. 13). A good section shows ae before that the formation of 
the homogeneous deposit occurs mainly in the vessel-walls. The 
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walls of the vascular loops in the glomeruli (b) are greatly swollen 
and homogeneous in structure, and the arteries (i), veins, and 
capillaries {k) of the parenchyma show traces of amyloid deposit. 

In other parts, such as the intestinal mucous membrane, the 
appearances are of the same kind. The vascular system however is 
not invariably the chief seat of deposit ; the connective tissue is 
often chiefly and directly affected. In the Ijrmphatic glands and 
the spleen (Eberth), it is the fibrous trabecular network which 
suffers most ; in striated muscles the perimysitmi internum and the 
sarcolemma (Ziegleb). In glandular organs with a ttmica propria 
{e,g. the mucous glands and kidneys), this latter may undergo 
degeneration and become greatly thickened. 

The above account of the common seat of amyloid deposit differs esaentiany 
firom that given in various text^books {e,g, RnnDFLEiscH's) and memoirs. 
Most authors assert that in glandular organs the chief seat of amyloid 
formation is in the gland-cells, that is, in l£e epithelial elements. Zieolbr 
has not succeeded in convincing himself that this is the case. In no one of 
seven specimens of amyloid liver could he find, on the carefullest ezamination^ 
that the Hver-ceUs had tmdeigone amyloid defeneration. The cells were 
always recosnisable, though at times greatly atrophied and compressed by the 
interposed deposits. The examination of mucous glands and ladneys yielded 
like results. He is therefore constrained to agree with Waoneb {Arch, d, 
HeUkunde n 1861), Eberth {VircL Arch, voL 80), Heschl {Wiener SUzungs- 
berichte vol. 74), and others — ^who regard the connective tissue as the primary 
seat of amyloid formation, and deny that the epithelium is conmionly con- 
cerned in it. ZiEOLEB does not go so far as to say that epithelial cells are 
incapable of amyloid change ; but he is sure that even in extreme cases of 
amyloid disease they may remain imaffected. The notion that the liver- 
cells are commonly affected is due to the £a.ct that they have been over- 
looked among the amvloid flakes and patches which siuround thenL The 
iodine method is probaoly to be blamed for this, for it fails to bring the liver- 
cells distinctly into view. Ordinary staining-reagents and perosmic acid are 
much more useful in this respect than iodine. 

ZiEOLER had recently an opportunity of examining a very interestin|f case 
of amyloid disease. The patient was a woman of about fifty, who had died of 
heart-failure. On post-mortem examination it was found that the hearty all the 
mucous membranes, the peritoneum, tongue, and lun^ were amyloid. The 
pericardium and endocardium were everywhere thickened and beset with numer- 
ous translucent gristly nodules as large as miUet-seeds. Similar nodules 
in vast numbers were found in the peritoneum, and in lesser number in 
the heart-muscle, the mtucularu mucosae of the intestine, the mucosa and 
stibmucosa of many of the mucous membranes, and in the lungs. In addition 
to these nodules the heart-wall (and especially that of the auricles) was 
traversed by thick seemingly fibrous bands. The sitbmucosa of the smaU 
intestine was for the most part transformed into a firm bacon-like tissue. The 
nodules and also the dense thickenings were composed of a imiform substance, 
either structureless or showing traces of coalescent homogeneous blocks. This 
was deposited in the walls of the vessels, and in the connective tissue. The 
vessel-walls were in some places thickened ten- to twenty-fold. When the 
mamns of the affected patcnes were examined microscopically, it seemed as if 
the nomogeneous substance had been directly produced from the ground- 
substance of the connective tissue, by a process of swelling and condensation. 
Some of the homogeneous masses yielded the iodine reaction, others did not. 

60. The consequences of amyloid degeneration, as regards the 
functional efficiency and general condition of the affected organ. 
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show themselves in two ways. On the one hand the structure is 
profoundly altered, on the other the epithelial elements of the organ 
become secondarily diseased. Amyloid change is essentially a 
degeneration. The connective tissues are permanently altered, for 
the amyloid substance being but slightly soluble does not disappear 
again when once deposited. It is obvious that a foreign element 
of this kind must seriously interfere with the functions of the 
affected organs, such as the kidney, or intestine. 

The morbid change in the vessel-wall often leads to narrowing 
and closure of the vessel, and so to permanent disturbance of the 
circulation. These are not without effect on the epithelial ele- 
ments : they speedily become fatty. And inasmuch as the fibrous 
framework of the organ is at the same time increasing in size and 
volume, the gland-cells are compressed and so tend to disappear 
altogether, in the liver such misshapen and atrophied cells, as 
well as others in a state of fatty degeneration, are very oft;en met 
with. In the kidney the fatty changes in the epithelium (Fig. 
IS e, f) form a striking and characteristic accompaniment of 
amyloid degeneration. 

In the spleen and lymphatic glands the lymphoid cells are like- 
wise apt to perish, atrophied ana fatty, under the pressure of the 
swollen and altered trabecular network. In muscle the con- 
tractile substance vanishes, as the amyloid masses in the connective 
tissue increase and multiply. 

61. Amyloid degeneration, as above described, is generally a 

Erocess affecting several organs at the same time; or when it 
appens to affect only one, it takes the form of a chancre extending 
throughout the entire organ. But in addition to this difiused form 
we find a more local one, presenting the appearance either of 
circumscribed foci of degeneration, or of amyloid concreUonB. 

These localised amyloid formations occur, so far as we know, 
only in tissues which have already undergone morbid change. 
They are especially apt to follow in the wake of inflammations, 
either early in the process of granulation, or later when cicatricial 
tissue has been formed. They are also found in tumours which 
are undergoing retrogressive change. Small single foci may 
be formed in tie affected tissue, or they may be confined to the 
walls of the vessels. In other cases the greater part of the 
tissue degenerates together; nodular patches are formed, consisting 
almost wnoUy of amyloid substance, and often assuming a woody 
hardness of texture. Such formations have been observed in the 
conjunctiva when altered by old inflammation, in syphilitic scars of 
the tongue and larynx, in diseased Ijrmphatic glands, in ulcers of 
the leg, in tumours of the larynx and stomach, and in cartilage in 
the course of degeneration (VmcHOw). 

In many cases homogeneous bodies exhibiting the amyloid 
reaction are obviously formed in the exudation-products of inflam- 
mation or haemorrhage. For example, the so-called tube-casts of 
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the kidn^, fonned Id the tubules by a Eongular tiansfoiniatlon of 
tranBuded liquid and shed epithelium, show not infrequently the 
amyloid reaction if they have lain long in situ. In the remains of 
old haemorrhages amyloid bodies have often been found (Fig. 14 6). 




Fia. 14. COXFORA AMTLACEA. 
a atratifl«d eoocretioii Irom the prosUte 
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They often enclose a foreign substance, such as a crystal of 
haematoidin. These bodies are called amyloid concretions or 
corpora a/mylacea. They are found under normal conditions in the 
central nervous system, especially in the ependyma of the ventricles. 
It was here that ViBCHOW first discovered them. They take the 
form of small more or less clearly stratified spherules (Fig. 14 c). 
At times they may be found abundantly in morbidly altered brain- 
substance, and in cerebral tumours. Corpora amylacea are also 
very common in the prostate gland. They lie in the lumen of 
the acini and are of considerable size : often indeed they may be 
recognised by the naked eye as brown grains upon the surface of a 
section. They are distinctly stratified (Fig. 14 a), except towards 
the centre. 

These localised amyloid formations, and especially those origi- 
nating in tube-casts and old extravasations of blood (Fig. 14 ft), 
serve to prove that amyloid substance may arise from a direct meta- 
morphosis of the albumen of blood and of epithelium. The prostatic 
concretions, when they really are amyloid (and this is not always 
the case), are probably to be regarded as modified cell-products, 

A large number of memoirs have dealt with the question of localised 
amyloid change. Ktber (tec cit.), Leber {Arch, fur Opkthcdm. xii, ixv), 
HippEL {ibid. XXV), VON Beckeb i^Amifl. degen. tarsi Helsiagfors 1876) refer 
to omyloid formations in the evelid. Friedreich {Virch. Arch. vols. 9, 10) 
and Zahn Hbid. vol. 72) found amyloid bodies in the Imig ; LanghaHS in 
cancer-nodules {ibid. vol. 38) ; BuBOW {Laiigenbeci^t Arch, xvin.) in tumonra 
of the larynx, &a. On prostatic concretions see Paplizkt { TihA. Ardt. voL 16). 
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ZnBGLEB diBoovered amyloid bodies in sj^philitic scars ( Virch. Arch, vol. 65), 
in a haemorrhagic in&nst of the lung whicn had healed, and in a cancer of the 
stomach. 

62. As to the canseB and the nature of amyloid degene- 
ration, there is little to say that is quite definite or quite certain. 
We know of course in what circumstances it is apt to occur, 
namely in cachectic conditions of the system. On the other hand, 
we do not know to what alterations in normal metabolism the 
morbid process owes its special character. The forms of cachexia 
which lead to extensive amyloid change are in particular tuber- 
culosis, sjrphilis, chronic destructive ostitis or periostitis, chronic 
dysentery (coeliac flux), and leukaemia; whue the cancerous 
cachexia seldom tends to &vour it. Amyloid degeneration may 
however occur without previous disease. Some of Cohnheim's 
researches show {Virch. Arch. vol. 64) that the degeneration may 
become developed in two to three months. 

Amyloid change extending to several organs is a local disorder 
conditioned by general causes. The amyloid substance does not 
exist in the blood, yet the material out of which it is developed is 
derived fix)m the blood. It would appear that reduced vital activity 
of the tissues dependent on general cachexia favours the formation 
of the substance. We may perhaps provisionally picture to ourselves 
the formation of this peculiar substance, as due to a combination of 
an albuminoid body firom the blood with certain components of the 
tissues : or we mav regard it as a modification of the albumen of 
the blood, separatmg out firom the latter in consequence of some 
abnormal metabolism in the cachectic patient. 

In local amyloid formations, the substances metamorphosed are 
partly albumen fi-om the blood (concretions formed in extrava- 
sations), partly albumen derived fix)m epithelial cells (tube-casts 
and prostatic concretions). In the latter case the special meta- 
morphosis is effected, without the co-operation of living tissue, in 
albumen which has lain for a time in the tissues without being of 
them. Here the conditions must be of a purely local nature. 

ViBCHOW {CeUvlar Pathclogp) and Ktber {Virch. Arch. voL 81) have 
oomx>ared the amyloid degeneration of tissues to the process of chalky deposit, 
and the comparison seems a good one. In hoth cases we probably have a 
tissue whose nutrition is somehow lowered ; a substance hrought to the tissue 
by the blood ; and an intimate combination between this substance and a 
substance pre-existing in loco. Waoneb (Haivdbuch d. allgem. FcUholome 1874 
p. 417) considers the lardaceous materim we have described to be due to a 
retrogressive metamorphosis of albimiinoids, forming in fact an intermediate 
stage between these bodies and fat. Dickinson argues that it is of the nature 
of fibrin (blood-albumen) 'modified by loss of alkali or gain of acid' {Trans. 
FcUh. Soc. 1879). 

A statistical analysis of the causes of amyloid degeneration is given by 
Henninos (Inaug. Diss. Kiel 1880). He makes out that phthisis and suppmra- 
tion of bone hold the first rank among the aetiological conditions. The spleen 
is oftenest diaeaaed ; after that follow in order the kidnevs, liver, intestine, 
stomach, suprarenal capsules, pancreas, lymphatic glands, thyroid gland, aorta, 
lungs, ovaries, uterus. Somewhat similar analyses are given by Fagoe {Trans. 
Path. Soc 1876) and Tubnkb {ibid. 1879). 



CHAPTER XIV. 



HYALINE DEGENERATION OF THE FIBROUS TISSUES. 



63. Hyaline (or vitreous) degeneraUon of the fibrous tissues 
resembles amyloid degeneration in its superficial appearance as 
well as in its seat; but it does not give uie special and peculiar 
reactions of the amyloid substance. It occurs chiefly in the 
adventitious tissue of the arteries. The adventitia becomes trans- 
formed into a shining, translucent, strongly-refracting substance, 
increasing at the same time in thickness. Water has no effect on 
this substance ; iodine stains it pale yellow ; ether and chloroform 
give no reaction. It thus resembles in many respects the colloid 
substance. It is specially common in the vessels of the brain and 
of the lymphatic glands (Wieger). Apart from the blood-vessels 
a hyaline tnickening is also observed in the stroma of tumours, in 
inflammatory hjrperplasias, especially in those of hereditary sjrphiUs 
(such as occur in the liver, for example), and in structureless mem- 
branes like the hyaloid membrane of the eye. As to the nature 
of the change nothing is known. Disturbauces of the circulation 
(Wieger), and inflammations of the affected regions, have been 
mentioned as exciting causes. 

WiEOER under the guidance of von Recklikohausen has lately examined 
and described the hyalme degeneration of the lymphatic glands ( Vtrch. Arch. 
voL 78). It seems to be very common in these organa Memoirs on the 
hyaline degeneration of the cerebral vessels have been published by Abndt 
(Virch. Arch, vol. 41), Neelsbn {Arch, d, HeUkunde xvii), Eppinger (Viertd- 
jahr89chriftf, pract. Heilk. Prague 1875), Lubimopp {Arch, f. Psychiatrie 1874), 
and others. The degeneration is found in the central nervous system in 
connexion with various disorders. 

Peters has quite recently ( Virch, Arch, vol. 87) made a series of researches 
in VON Becklinohauben's laboratory on hyaline degeneration, and he 
manages to bring under this head all sorts of diverse changes and processes. 
Thus ne includes under it inflammatory coagulations within and without the 
blood-vessels, coagulative necrosis of the epithelia in diphtheritic inflammation, 
homogeneous coagulation in exuded fluids, the formation of false membranes, 
the mucoid metamorphoses of the epithelial cells of mucous membrane, and 
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thrombi in lymphatic vessels, — ^in brief eyerything that has a hyaline look. 
This is a mere uncritical agglomeration of things that have nothing in common. 
We may perhaps be imable to distinguish with certainty the exact chemical 
and physical processes which lead to the formation of homogeneous masses in 
the various tissues and liquids; but this does not justify us in affirming 
that no distinction is at all possible. 

The case referred to in Art 59 has great interest, as bearing on the 
discrimination of hyaline degeneration in fibrous tissues . It shows that hyaline 
change is near akin to amyloid change ; and that in the former as in the 
latter an albuminoid may be deposited in the tissues in the form of solid 
lustrous masses. Whether the hyaline degeneration of the vessel-walls, 
observed in various conditions, has always the same significance — is as yet 
an open question. 

Gull and Sutton {Med, ckir. Trans. 1872) have described a *hyalin- 
fibrous' d^eneration of the blood-vessels in connection with chronic renal 
disease. Klein (Trans, Path, Soc, 1877) has described and figured hyaline 
changes in the arterioles in typhoid fever and in scarlatina. 



CHAPTER XV. 



mFILTRATION OF THE TISSUES WITH SALTS. 

64. Petriflcatioii or incnutaUon is a process of transforma- 
tion characterised by the deposit in a tissue of various salts derived 
ultimately from the blood. 

In by &r the greater number of cases the deposit consists of 
carbonates and phosphates of calcium, with a small quantity of the 
magnesium salts : it is in fact calcareous or chalky. 

As we know, calcareous deposition takes place in special regions 
as a normal physiological process. The formation of true bone is 
always preceded by the deposit of calcareous salts in the cartilagi- 
nous structures fiist laid down. This deposit takes the form of 
minute granules, which on magnification look like grains of dust or 
irregular crumbs, and they are seen to lie chiefly in the matrix- 
substance and cell-capsules of the cartilage. If the grains lie thick 
together, they give the part a whitish colour and a firm consistence. 

In the same way as under normal conditions, but in the most 
various regions of the body, we may have a morbid deposition 
or precipitation of calcareous salts in the tissues. Experience 
shows that the tissues affected are either already necrosed, as in 
the case of caseous lymphatic glands, dead parasites, thrombi, and 
dead foetuses (lithopaedia), — or have been seriously stinted in 
their nutrition. This latter is the case in fatty degeneration of 
the tunica media of the arteries, or in fatty degeneration of tumours 
such as uterine fibrqids. The cause of calcareous deposits is thus a 
local one. The calcium-salts dissolved in the blood are not simply 
precipitated and retained by the tissue, but they proceed to form 
solid compounds with the albuminoids. 

Commencing calcification is not recognisable by the naked eye. 
When the deposit becomes more dense the tissue turns white. At 
the same time it often becomes extremely hard and cannot be cut 
with the knife. In other cases it becomes in colour and consistence 
more like mortar. 
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LiTTEH offirmi! [Der katmorrhagiKhe Infarct 1679) that calcification de- 
pends on a necrotic modification of albumen, posseeBing a specif^ cfaeinical 
affinity for lime-salts. Eyber asserts (K»n;A..irc^ vol 81) that the lime-saltB 
oombine with tbe fatty acids, as well as vith the albiumnoids. 

65. Calcification invades tlie cella of a tissue as well as the 
ground-subatance. Thus ganglion-cells (Fig 15) which have ceased 
to live in consequence of some brain affection may become impreg- 
nated with lime-salta. Shining calcareous spherules are formed, 
which fill out the contour of the cell and its prolongationfi 




Fio. le. 



Fio. IS. 

Fia. 16. Cu^cmst) a 
(Frum the brain of a hemipUgic idiot aitk anilaterai hydrocephahu) 
Fio. 16. Caloiticition or the thhioa ubdu or tbb iobt*. 

When an artery is affected, the cells as well as the ground- 
substance become calcified. Small shining granules are deposited 
in the latter, which at length thickly infiltrate the tissue (Fig. 16). 
Simple calcification does not produce any alteration in the apparent 
structure. The tissue is petrified as it stands, so to speak, without 
destruction or transformation of its form and texture. It is thus easy 
to distinguish histologically between calcification and ossification. 

In tissues altered by inflamma- 
tion, such as tuberculous lymphatic 
glands, fibrous false membranes or 
adhesions, as well as in certain tu- 
mours of the brain (psammomata), 
we find at times so-called chalky 
concretloiu. They are stratified 
bodies having an organic basis, in 
which lime-salts have been deposited. 
Rg. 17 represents some of these con- 
cretions: a comes from an omentum 
thickened and deformed, and ad- 
herent, in consequence of chronic 
infiammation; b from a tuberculous 
lymphatic gland. The several layers 
of the stratified concretion have a 
uniform shining appearance. 
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66. In gout we find deposits of urates, chiefly of urate of 
sodium, together with carbonates and phosphates. The deposition 
is apt to occur parozysmally, especially in the xnetatarso-phalangeal 
joint of the great toe, but not infrequently in other joints also. 
Shining white masses (chalk-stones or tophi) are thus formed in the 
ligaments and cartilages of the joints, and even in the bones. 
These may also occur in the arteries, endocardium, skin, and 
kidneys. The deposit is usually in the form of needle-like crystals 
(Rindfleisgh), or amorphous granules. It is said that the cells 
are the first to exhibit the deposit, the ground-substance being 
invaded secondarily (Cornil and Ranvier). 



CHAPTER XVI. 



FORMATION OF PIGMENT IN THE TISSUES. 

67. The fibrous as well as the epithelial tissues, in certain 
regions, contain a normal pigment. It lies within the cells in the 
form of yellow, brownish, or black granules ; or the cells may seem 
more or less umformly impregnated and stained. Of the pigmented 
epithelia the beat examples are the deepest layer of the rete 
Malpighii, and the retinal epithelium. In the former the granules 
are mostly yellow or brown, in the latter they are black (melanin). 
When the coloration of the skin is more marked, pigment is found 
in the other cellular layers of the rete. Among fibrous tissues the 
pia mater, the choroid, the sclerotic, and the cutis are the most 
firequently pigmented : and brown or yellow granules are likewise 
found in the connective-tissue cells of the heart-muscle. 

These pigmentations may become more marked under patho- 
logical conditions. Thus in Addison's disease, in the course of a 
general disorder leading to profound cachexia and associated as a 
rule with changes in the supra-renal bodies, the normal pigment of 
the skin increases and the consequent colour-changes are very 
pronounced {cutis aenea or bronzing). So too in atrophic conditions 
of the heart, the normal pigment is markedly increased. In the 
voluntary muscles also when they pass into atrophy, yellow pigment 
is firequently discoverable. 

Tne highest degree of pathological pigmentation is met with in 
morbid new growth, such as tumours (na^vi, melano-carcmomata. 
melano-sarcomata). The amount of pigment may become so great 
that the tissue looks uniformly and intensely black. 

The pigment lies usually within the cells of the tissue, less 
often in the intercellular substance. In either case, as above 
remarked, it may take the form of yellow, brown, or even black 
granules ; or of diffuse staining of the protoplasm. Of its mode of 
formation we know nothing. It is possible that the colouring- 
matter is derived firom the blood, but we are unable to determine 
in what way the derivation is effected. 

7—2 
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Layoogk {Med. ckir. Beview i, 1861) discusses and classifies the varioos 
forms of morbid pigmentation : he gives full references to previous papers on 
the subject. 

GussENBAUER has lately attempted {Virch, Arch, voL 63) to refer the 
production of melanin in pigmented tiunours to a modification of the colouring- 
matter of the blood. He thinks the blood-vessels of the tumour become 
here and there thrombosed ; the colouring-matter of the blood escapes from. 
them by division, saturates the tissue, and is ultimately precipitated in 
granular form. Lanohans {Virch, Arch, vol. 49) had previously sought to 
derive the pigment of ttmiours from cells contaimng blood-corpusdes 
(Art. 68). 

According to Kunkel {SUzungfh. der phys. med. Quell, WUrztmrg 1881), 
it is possible to isolate from melanotic tumours a pigment containing iron. 
This argues that the pigment is derived from the olood ; but we cannot as 
vet say by what process it is produced. It is not related to haematin, 
bilirubm, or hydrooilirubin, as the spectroscope shows. It seems doubtful 
whether the escape of the colouring-matter from the blood-vessels always 
occurs in the way described by Gusbenbauer. The diffused staining of 
individual cells may perhaps suggest that the colouring-matter first infiltrates 
the cell, and then br^Ekks up into granules. 

68. Haematogenoiu pigments are such as are demonstrably 
derived from the coloiiring-matter of the blood. They generally 
originate in blood which has escaped from the vessels. More rarely 
the change to pigment occurs in blood which is still circulating. As 
is well-known, the colour-changes recognisable by the eye take 
place very quickly in small extravasations as well as large. In the 
skin, such extravasations become first brown, then blue, then green, 
then yellow. Where small haemorrhages have occurred in the 
deeper tissues, such as the peritoneum, pleura, or lungs, we find even 
long afterwards brown, or grey, or black spots and patches. Larger 
haemorrhages (apoplexies) into the substance of the brain or lungs 
take on after a time a rusty brown colour ; and still later leave . 
only a dirty yellow or yellowish brown staining. All these colour- 
changes correspond to aefinite chemical and physical transformations 
of haemoglobin. 

Wherever in the tissues or in a cavity of the body a haemorrhage 
may have occurred, there ensues a series of changes in the escaped 
blood of which the following are the most important. 

One part of the blood, including red cells as well as plasma, 
may be re-absorbed by the lymphatics and carried oflF unchanged. 

Another portion of the corpuscles may become in a way dissolved ; 
their haemoglobin diffuses from them into the surrounding tissues, 
and the pale residual stroma breaks up and disappears, it is this 
diffused and altered colouring-matter (or haematin) which gives 
rise to the colour-changes in cutaneous extravasations, as it passes 
through various transformations. The transformed pigments (which 
are similar to the biliary colouring-matters) are partially re-absorbed 
and at length excreted in the urine (urobilinuria) : another part 
crystallises in the tissues, and forms the orange or ruby-red 
rhombic tablets and needles known as haematoidm-crystals (Fig. 
18 B\ These are very frequently found as the residue of old 
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haemoirhages, such as occur in the brain : they may remain a long 
time in the tissues without change. 

A third portion of the corpuscles shrink up or crumble down 
into brown granular masses. This is especially the case in the large 
extravasations forming so-called haematomata. These masses be- 
oome in part tmnsformed into brown amorphous pigment This 
lies free in the tissues, and often becomes darker in colour with age. 

B 
A 





Fia. 18. (x500). 

A Cbllb cortainxno BSD BLOoD-ooBPtJBGLBs: in a the fragments are few but large, 
in 6 and e ihey are nnmeroos and minute 

B BhOMBIC TABIiXTS AND NBBDLBB OV HABMATOIDIN 

A fourth and that the greater portion of the corpuscles and the 
products of their disintegration is taken up by leucocytes (Art. 
114), which gather in large numbers round the seat of extrava- 
sation and even penetrate into it. The cells become in this 
way corpuscle- and pigment-carriers (Fig. 18 A a and 6). The 
transformation of the haematin into brown pigment is completed 
within these cells, the corpuscles breaking up into minute granules 
(Pig. IS A b and c). The pigment may be set free agaiu by the 
disintegration of the carrier-cells. Probably the cells have also the 
power of eliminating it, without themselves perishing. 

These various modes of transformation of the blood-corpuscles 
very frequently go on at the same time in the same extravasation. 
Their ultimate result is, in the first instance, a local discoloration, 
due to pigment partly amorphous and partly ciystalline in character. 
Secondary pigmentation of remote organs such as the lymphatic 
glands, the spleen, and the liver, may follow upon this, owmg to 
absorption of the pigment by the lymphatics. 

The formation of pigment in blood which is actually circulating 
is not carried beyond tne first stage (the breaking up of the rea 
corpuscles) within the vessels (Arts. 262 and 268) : the completion 
of the process is effected outside the vessels. The pigments lust 
described are only in part organic derivatives of the colounng- 
matter of the blood (like haematin and haematoidin). A con- 
siderable part is composed of an inorganic iron-compound ; namely, 
the hydrated sesquioxide (Kunkel). This is especially the case 
in large extravasations, where the haemoglobin is decomposed on 
the spot. The contained iron being thereupon set free in the form 
of oxide, remains where it is and forms yellow or brownish flakes. 
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It may be of use to mention that haemoglobin is the unchanged colouring- 
matter of the blood as it exists in the living corpuscles. H<iematm is the 
coloured constituent obtained when haemoglobin is decomposed {e.g. by 
boiling) ; the other constituent being a proteid body, ffaemataidin is formed 
when the decomposition is carried still further ; it is identical with bilirubin 
(see Gamoee, Fnynol. Chem, i, 2). 

The first exact researches into the nature of the blood-pigments were 
made by Virchow ( Virch, Arch, vol& 1, 2, 4 and 6, and CeUmar Pailu)U>ay), 
He sought to show that haematoidin is to be regarded as the typical noal 
resultant of the transformations of haemoglobin within the human body. ^ He 
assiuned that the haemoglobin escaped into the tissues unchanged, and was then 
by a secondary process transformed into granules and crystals, either within 
or without the cells. Lakqhans {JircL Arch. voL 49), on the other hand, 
maintained that the transformation of the red corpuscles into pigment could 
only take place inside the carrier-cells. Cordua {Ueber den Besorptionimechor 
ntsmtu von Blutergiiseen Berlin 1877) has convinced himself by his investiga- 
tions that the formation of pigment from haemoglobin may take place partly 
outside the carrier-cells, partly within them. Ziegler'b researches, carried 
out upon specimens from dead bodies and upon extravasations experimentally 
produced, lead him to agree with Virchow and Cordua. 

Perls pointed out (virch. Arch, voL 39) that the haematogenous pig^ments 
all yield the reaction of ferric oxide when treated with ferrocyanide of 
potassium and hydrochloric acid. Even when the pigment has become blade 
it still exhibits the reaction. Eukkel was the first to show (Virch. Arch. 
vol. 81 and ZeiUchr. f, phye, Ckemie iv, v) that the brownish red flakes 
found in old extravasations are not always composed of haematoidiiL Some- 
times these flakes contain no organic colouring-matter at all, but consist 
entirely of hydrated ferric oxide. The urobilin (hydrobilirubin), which 
appears in the urine when fr'ee absorption of large extravasations takes place, 
is derived either directly from haemoglobin, or from, haematoidin. Further 
details on the disintegration of the blood imder normal and pathological 
conditions, and the pigmentations connected therewith, are to be found in 
the Special Pathological Anatomy Arts. 262 and 268. 

A distinction must be made between the true slate-coloured pigmentation 
of the tissues dependent on certain blood-pigments, and the slaty di^lorations 
seen in corpses (pseudo-melanosis), chiefly in the intestinal, canal and its 
neighbourhood. These discolorations, usually in the form of indefinite and 
difPosed grey patches, are due to the formation of ferrous sulphide : combina- 
tion takes place between the iron of the haemoglobin present and the 
sulphiu^ttea hydrogen evolved in commencing decomposition. 

69. Biliary pigmentatloiiB. If the excretion of bile be in 
any way hindered, it passes over into the general circulation, and 
biliary pigments are thus carried to the various organs. The 
yellow staining of the tissues so brought about is called icterui 
or Jaundice. When jaundice persists for some time the tint 
becomes olive-green or dirty greyish green. The bile in the tissues 
is usually diffiised through them indefinitely ; more rarely granules 
and ruby-red crystals occur. Ciystals are chiefly found in the 
tissues in the so-called Ictenui neonatomm, or jaundice appearing 
within a few dajrs of birth. These crystals take the form of ruby- 
red rhombic tablets, and are composed 'of bilirubin; they are 
identical with haematoidin-crystals. In the jaundice of adults 
crystals are seldom found : generally the pigment is more granular, 
and yellow or brown. This is especially the case when it occurs in 
the cells of the liver, and in the uriniferous tubules. In addition 
to the hepatogenous jaundice which depends on re-absorption of 
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bile, there is said to occur also a haematogenous form resulting 
firom a disintegration of blood within the blood-vessels: this is 
however disputed by many observers. 

The hypothesiB of a haematogenous jaundice was based on certain ezperi- 
mental phenomena by Kuhnb ( VircL Arch. voL 14). He injected dog's blood, 
in whicn the corpuscles had becomed dissolved, into the vessels and then 
found bile-pigments in the urine. Eunkel (VircL Arch, voL 79) questions 
the decisiveness of these experiments. Since oile-pigments are formed in the 
liver by the disintegration of red corpuscles, the process of pigment-formation 
would be intensified by K^hne's injections, and the surplus bile produced 
might in part pass into the blood agam. Orth has a paper ( Virch, Arch, voL 
63) on the deposition of biUrubin-cirstals in the jaundice of infimts. 

The most various theories have been started from time to time to account 
for icterus neonatorum, Birch-Hirsohfeld has recently ( Virch, Arch, vol. 87) 
treated the question afresh. He maintains that the benisn form of jaundice (i. e, 
jaundice not depending on septic infection or profound anatomical chan£;e in 
the liver) is the result of oedema of the capsule of Glisson. This oedema 
arises in consequence of venous engorgement in the region of the remnant of 
the umbilical vein and vena portae. This explanation seems somewhat far- 
fetched. May not the jaundice simply depend on an over-great resorption of 
bile frx>m the meconium? 

70. Pigmentation of the tissues by eztraneotu intMitances. 

Any substance optically distinspiishable from a tissue, which be- 
comes in any way incorporated with it and remains for a time 
unchanged, may give rise to a special coloration of the tissue. The 
number of sucK substances is of course large, and the manner of 
their incorporation various. The commonest avenues of entrance 
are surface-wounds, the air-passages, and the alimentaiy canal. 

The most famih'ar instance of wound-staining is tatooing, 
common among civilised peoples as well as among savages. The 
way in which the coloured tatoo-marks are produced is this: — 
the skin is first wounded by scratches or punctures, and then 
insoluble granular colouring-matters such as charcoal, cinnabar, &c. 
are well rubbed in. Where the sldn is broken the coloured particles 
penetrate and infiltrate the cutaneous tissues. One part remains 
where it is, so that the skin continues permanently pigmented: 
another part is carried o£f to the lymjmatic glands, which also 
become pigmented. 

The lungs and their lymphatic glands may become very deeply 
pigmented by the long-continued iimalation of foreign matters, such 
as coal-dust, soot, particles of iron or rust, &c. In consequence of 
prolonged inhalation of coal-dust, for example, the lung-tissue may 
become perfectly black (miner's lung). 

Among the pigmentations arising from matters taken up in the 
alimentaiy canal, we must mention the so-called ai'gyrism (argyria). 
This is a staining of the tissues consequent upon long-contmued 
internal use of ssdts of silver. The skin in sucn cases may assume 
an intense brownish ^ey colour; and the internal organs may 
also be more or less discoloured. The silver is deposited as fine 
granules in the ground-substance of the different tissues. 



CHAPTER XVH 



THE FORMATION OF CYSTS. 



71. A cyit is on excavation bounded by an envelope of fibrous 
tissue or other more complex structure, and enclosing contents 
distinguishable fix>m the envelope. According to its mode of 
origin the inner surface of the envelope may be lined with epithe- 
lium or with endothelium. 

Epithelial cysts arise by the dilatation of pre-existing epithelial 
cavities. The commonest instance of this is the glandular cyst, 
which ensues upon closure of the gland-duct. The secretion collects 
behind the obstruction, and the gland dilates to a cjst filled with 
altered secretion. Oyits of retention, as these are called, are 
chiefly met with in the uterus, intestine, mamma, kidney, and skin« 

In the case of ductless organs, like the Graafian follicles and 
the thyroid, dilatation of the cavities ensues whenever the secretion 
is morbidly increased. Cysts may also be formed in glandular 
structures occurring in morbid new growths. Various canab more- 
over, which are normally clothed with epithelium, may in con- 
sequence of obstruction and local dilatation develope into epithelial 
cysts. Such canals are, for example, the bile-duct, congenital 
cervical fistulae, the vermiform appendix, and the ureter. 

Endothelial cysts arise primarily by dilatation of pre-existing 
cavities in the connective tissues, such as bursae, tendon-sheaths, 
obstructed lymphatics, &c. In other cases they are owing to the 
collection of fluid in new-formed or false membranes. The contents 
of these cysts vary with their mode of origin, but consist generally 
of mere lymph. These might also be described as cysts of retention, 
in a special sense of the term ; they are really exudation-cysts. 

The cavities which are formed m the substance of a soUd organ 
by softening and disintegration of a defined region are veiy fre- 
quently described as cysts. Such cysts occur, for example, in the 
brain, and they usually contain semi-liquid detritus of the brain- 
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substance. . Siinilar cavities arising in tumours by the same process 
are also called cysts. In order to emphasise the difference between 
such cysts aDd cysts of retention, the former may be spoken of as 
cysts of dlslntegratioii. 

Lastly, a species of cyst may be formed around a foreign body 
which has become lodged in the tissues ; round a parasite like a 
hydatid, for example (Art. 245). It ia the result of a new tissue- 
formation in the neighbourhood of the foreign body. 

The student should consult the admirable lectures on Cysts in Paqet'b 
Surgical Pathology ; they contain many references of value. 

To the varieties in the text we might add — cysts of extravasation, 
or blood-cysts, resulting from haemorrhage into closed cavities {e.g. haematoma, 
haematocele) : and dermoid csrsts, which are congenital TArt 178). The 
various neoplastic cysts or cystoid tumours will be referrea to under their 
proper heamngs in Section vi. ; and, so far as they affect particular organs, 
m tne Special Pathological Anatomy. 



SECTION IV. 

PROGRESSIVE OR FORMATIVE 
DISTURBANCES OF NUTRITION, 



CHAPTER XVIII. 

THE CELLULAR PROCESSES CONCERNED IN HYPERr 
TROPHY, HYPERPLASLA, AND REGENERATION. 

72. In treatmg of the malformations, we had occasion to 
speak of excessive development of the organism as a whole, and 
of its constituent parts — of over-size and over-growth. When a 
tissue manifests an abnormal tendency to overgrowth, it is said to 
hypertrophy. This term tacitly implies that the structure of 
the overgrown tissue continues to correspond with that of the 
normal 

The overgrowth first described implies an excessive develop- 
ment of the organism, or organ, in the embryonic stage of existence. 
Such forms of overgrowth form however but a part of the class of 
tissue-changes described as hypertrophies. In adult life, as in 
infancy, certain organs are very apt to hjrpertrophy, that is to 
increase abnormally in size while preserving tfteir normal structure. 
Such hypertrophies are to be met with in the voluntary muscles, 
the heart-muscle, the unstriped muscles of the alimentary canal, 
bladder, and ureters, in the kidneys, th vroid gland, skin, &c. 

The increased size of a hypertrophied organ depends on two 
£Eu^rs. The several elements of the organ may increase in size, or 
they may increase in number. With ViRCHOW we may distinguish 
between ihiiple hypertrophy, i. e. elementary overgrowth in the 
stricter sense of the term, and numericsJ hypertrophy or 
hyperplasia, i. e, an increase in the number of constituent cells or 
cellular structures in the organ or tissue. Thus a muscle may very 
greatly increase in bulk by mere increase in size of each fibre of it; 
while the number of fibres remains the same. Of course hyper- 
trophy and hyperplasia may go hand in hand in the same tissue ; 
inoeed it is hard to conceive of a hyperplasia which has not been 
preceded by a hypertrophy, at least of some of the cells. 

When an increase in the number of cellular elements occurs at 
a part where tissue has already been destroyed by some retro&[ressive 
process, we speak of it as regeneration. We assume that the 



110 FOBMATiyE DISTURBANCES OF NUTRITION. [SECT. IV. 

formation of new tissue does not go on beyond the nonnal limit, 
but suffices merely to replace what has been lost. 

73. Hypertrophy, hyperplasia, and regeneration are dependent 
ultimately upon certain cellular processes. The formation of new 
tissue can only take place through the agency of the cells. The 
intercellular substance, unaided by the cells themselves, has no 
power or potency to produce new tissue. The cells which go to 
form new tissue arise by subdivision fix)m pre-existinef cells. New 
cells are never generated from plastic exifdations, as was formerly 
supposed. 

Hypertrophy, i, e. increased size of a cell, is in general consistent 
with the maintenance of the properties of the cell. The formative 
process which results in hypertrophy is confined to the addition of 
new constituents similar in kind to those already present ; the cell 
simply grows. We know but little of the structural changes which 
this growth involves. It is however sometimes noticed that the 
cell-protoplasm becomes more granular; or that the granulation 
alters as its amount increases : the nucleus also changes more or 
less its appearance. 

Our knowledge concerning the process of cell-multiplication, or 
proliferation (as it is called, though the term is not a nappy one), 
is more minute. Researches, most of them very recent, have 
shown that multiplication is attended by peculiar changes in the 
structure of the cell and of its nucleus, which affect the disposition 
of their several constituents. Movements within the nucleus are 
usually the first si^ that cell-division is about to take place. 
These issue in subdivision of the nucleus. Then sooner or later 
the protoplasm as a whole is set in motion, and this ends in the 
complete subdivision of the cell itself. 

74. The fully-developed nucleus of a cell is not homogeneous, 
but possesses a veiy peculiar structure. This is clearly to be 
made out, by appropriate handling, under the higher powers of the 
microscope. A resting nucleus, i. e, one which is not about to sub- 
divide, consists of an external capsule or membrane (Flemming 
Virdi. Arch. vol. 77), and certain contents. The latter are 
divisible into a denser highly-re&active nuclear substance, and a 
rarer colourless nuclear juice, or intermediate substance. The 
nuclear substance contains — first, certain nucleoli or nucleolar cor- 
puscles, and secondly, scattered granules and filaments. Frequently 
the filaments are aggrerated into a fi:amework or network (Fig. 19 
a), which may be brougat out veir distinctly by proper reagents. 

When the cell is about to subdivide the nuclear network under- 
goes a series of typical changes of form, ending in the division of 
the nucleus into two equal portions. 

According to Flemming, the first stage of nncleui-di^lfion is 
the solution and disappearance of the nucleoli ; while the nuclear 
substance takes the form of a ravelled coil of sinuous filaments 
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(Fig. 19 J): this is the 'coil-form' of the mother-nucleua. The 
nuclear membiane itself aeems to bre^ up and furnish filajneats 




{fnmFLEiaailQ: di»gTammatie) 



I oell with resting nadetts 
I ooU-fonn of mother-naoleuB 
wrealh-foTm BhowlBg the central and peripheral loop*, m 



n broken 



i Btu-fonn with tree rajB, ihowing the filaments in the SiOt of splitting 

e fljae-T&jed star-form 

/ nodeus with equatorial plate; diridon into polar segments 

g half-barrel or balf-spindle form ; the point* in the nuddk are Stbububobs's 

equatorial oell-plate 

h star-form of danghteT-niioleDS i wreath-form 

Jt coil-form I resting nnclens with network 

to the coil From this stage onwards the nuclear finire alone 
takes up the stoning reagent (hence the nuclear substance in 
sometimes spoken of as chromatin). 

The fil^ents then become thicker and the coil looser; its 
continuity is broken here and there, and at length it passes into 
the 'wreath-form' (c). In this the filaments are arraQged in a 
loose series of central and peripheral loopings, the centre of the 
figure being unoccupied. From this is fashioned a ' star-form,' or 
aiAer (d), with free double rays, the peripheral loops of the wreath- 
form dividing at their ends. The double rays next divide longi- 
tudinally, and the whole star-form contracts. The filaments of the 
single-rayed star (e) thus formed next gather into an equatorial 
PToup, which soon divides into two equal polar segments (_/j. This 
divifiion is effected by the development of a transparent equatorial 
pkte {g) often studded with fine points (Strasburoer's cell-plate). 
The two segments, which are the rudiments of the daughter-nuclei, 
move asunder towards opposite poles and form the ' half-barrel ' or 
'half-spindle' figure (Eberth's and Maizel's 'creel-form,' or 'basket- 
form '). The half-spindle form of the daughter-nucleus passes Into a 
star-form (A), and this into a wreath-form (t) by the msion of the 
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ray-ends. The wreath-form shrinks and its filaments become more 
ravelled, till at length it takes the coil-form (k). This becomes 
looser and more regular, and so finally the daughter-nucleus fashions 
itself a nuclear network (l), and passes into the resting state 
corresponding to the resting state of the mother-nucleus. 

In the stage of the star-form and the wreath-form of the daughter- 
nucleus, constriction of the cell-protoplasm commences (i), ana ends 
with the completion of the coil-form (A;). During the active stages 
of the subdividing process the nuclear juice or intermediate 
substance does not stain, though it stains in the resting state. 
During^ subdivision the nucleus is surrounded by a clear areola. 
The whole process takes place rapidly : it ends with the complete 
constriction and severance of the cell-protoplasm. The above mode 
of subdivision is called indirect or kaiyokinetic (xapvov, a kernel). 

According to a recent communication of Flehminq's {Arch, /. mikrosk, Anat. 
xx), the intermediate substance of the nucleus contains (in stained prepara- 
tions, and presumably also in the living state) a delicate prolongation or con- 
tinuation of the nuclear network. The fine granulation observed in the inter- 
mediate substance with lower magnifying powers is really but an optical 
section of the meshes and filaments of the finer network. The nuclear mem- 
brane is merely the peripheral expansion of the nuclear network. 

Most important and valuable researches on the changes in cells and 
nuclei during subdivision have been made by Flemkinq (Arch, f, mikrosk, 
Anat, XVI — xx) and Strasburoer (ZeUbUduna und Zdithedung «fena 1880). 
The former has worked upon animal cells, the latter upon vegetable cells. 
Strasburger's description of the process of nucleus-division is not quite the 
same as Flemmino's. He distinguishes a nuclear substance ^chromatin), and 
a nuclear juice (achromatin). The capsule or nuclear membrane,, as well as 
the granules, network, and nucleoli wnich lie in the interior, belong to the 
nuclear substance. When the nucleus sets about subdividing, its granulation 
becomes coarser, and the granules run together into convoluted filaments ; the 
nucleolar corpuscles and capsule also take part in forming the filaments. These 
filaments have the power of stretching or streaming out into the cell- 
protoplasm. Then rollows an elongation of the nucleus and, at the same 
time, of the filaments, so that the whole assumes a spindle-like shape, and 
two poles become distinguishable. The filaments shrink up towards the 
equator, and so form the nuclear disc, the entire nuclear substance going to 
make it. From this account it appears that the nuclear disc consists entirely 
of shortened rodlets or filaments. On both sides of this equatorial disc appear 
slender striae or filaments, the so-called spindle-filaments, and these together 
with the nuclear disc make up a secondary spindle-form of which the disc 
constitutes the equatorial zone. The spindle-filaments converge at the poles, 
or end freely. The material of which they are made is furnished by the 
cell-protoplasm. They are not taken up by the nuclear substance; indeed 
they are eliminated again as the subdivision proceeds. The daughter-nuclei 
originate in the nuclear disc. This parts asunder at the equator, and the 
two halves draw apart towards the poles. These halves become the daughter- 
nuclei : they are still connected by a few fine spindle-filaments. A row of 
granules now makes its appearance in the equatorial plane ; this is the cell- 
plate, and in this the new cell-wall is formed. Protoplasm appears on each 
side of it, in which the spindle-filaments are merged — and thus the process of 
division is completed. 

Strasburger's account of cell-division in the vegetable kingdom would 
seem to indicate that a certain difference exists between that and the animal 
kingdom. Flemmikg however has shown in a recent paper that the physical 
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proceesefi involved in karyokinetic subdivision are in all cases essentially the 
same, at least in so £Eur as they are to be made out optically. He thinks the 
apparent differences are not so great as Strasburger conceives them to be. 

It is of great interest to note the fiBict established by Flemming — that in 
the segmentation of the ovimi the process of nucleus-division follows through- 
out that which we have described as the karyokinetic mode (Balfour, Comp, 
Embrvology i, 3). 

This mode of nucleus-division has often been observed and described as 
occurring in pathological proliferations. The chief memoirs are by Eberth 
( Virch. Arc/u voL 67), Arnold ( Virch, Arch. vols. 77, 78), Flemming (loc. cit.\ 
Martin {Virch. Arch. voL 86), Drasch {Wiener Sitzungsher, 1881), Klein 
{Quart. J<mm. Micr. Science 1878 and 1879). Priestley gives a summary of 
the early researches in Q. Joum. M. 8, 1876 ; Cunningham reviews the more 
recent ones in the same journal, Jan. 1882. 

75. These structural changes in the nucleus point uninistake- 
ably to the energetic internal motions which affect its molecules in 
the process of growth. Our knowled&^e of the molecular changes 
in the cell-protoplasm is unfortunately more meagre and incom- 
plete. Here however it is also possible to make out by proper 
means — ^that the protoplasm assumes a special structure, and that 
various movements and transmutations of form occur amount its 
component elements. Thus in certain cases nucleus-division is 
accompanied by lively rotary movements in the protoplasm. Such 
transformations and transpositions explain certain phenomena which 
are frequently observed — for example, the formation of a transparent 
areola rotmd the subdividing nucleus, of radiating lines of granules 
making up the so-called 'karyolytic' figure, &c. Such radiating 
lines of granules have especially been seen in the process of impreg- 
nation of the ovum. They occur in the neighbourhood of the male 
and female pronuclei, and nave been described as the aster (Balfour, 
(hmp. Embryologv vol. I, ch. 3). Flemming, as well as Strasburger, 
assigns to the cell-protoplasm an essential part in the process of 
subdivision. Strasburger even asserts that it is the penetration of 
the protoplasm into the nucleus which calls forth a reciprocal activity 
in the latter, and so gives it an impulse towards subdivision. 
Whether this be true or not we cannot at present decide, inasmuch 
as no penetration of the protoplasm into the nucleus has ever been 
directly observed. The ordering of the granules into radiate figures, 
like the other movements of the protoplasm hitherto observed, takes 
place as a rule simultaneously with the process of nucleus-division. In 
some cases however it may precede,in others it may succeed, the latter. 
Thus, according to Qruber (Zool Anzeiger 1880) the infusorian 
Euglypha cUveolata first gives rise to a daughter-cell, then the 
nucleus becomes subdivided and migrates into the daughter-cell; 
while at the same time active movements become visible in the 
cell-protoplasm. 

A special form of cell-division is that which takes place after an 
antecedent conjugation. It is common among the infrisorians. 

In order to make out the nuclear figures, the ceU must be examined either 
in the living state or i^r treatment while still living with a rapidly fixing 

M. 8 
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solution. If this is not done the process of subdivision is completed as the 
cell gradually dies. There is no general rule of proceeding which will apply 
to the examination of all cells. 

76. The indirect process of cell-division just described will 
serve as a pattern of the processes which occur in pathological cell- 
formation. No satisfactory demonstration has been given of the 
theoiy that cell-division may occur in another way, namely by 
direct constriction of the cell without interior structural change. 
Nor has it been certainly established that a nucleus or cell can 
arise de novo out of an indifferent blastema (or homogeneous 
matrix), at any rate within the domain of pathological cell-forma- 
tion. ViRCHOW*s aphorism " Omnis cellula e celluld" is, in this 
domain at least, most fully and completely confirmed. 

But though we maintain that, so far as we know, cell-division 
is always inairect, never direct, we do not imply that every cell- 
division proceeds exactly according to the scheme we have indi- 
cated. On the contrary, the examination of different specimens 
shows that the form and construction of the nuclear figures are by 
no means always the same : deviations within certain limits may 
occur. 

But while the figures formed by the nuclear filaments may differ 
considerably, the prmciple and plan of the process is fundamentally 
the same. Even the simultaneous formation and development of 
three or four daughter-nuclei is but a modification of the general 
process. 

The subdivision of the cell-protoplasm usually follows immedi- 
ately upon the division of the nucleus ; but the connexion of the 
two processes is by no means inevitable. Not infirequently the 
nucleus subdivides while the cell does not. The result is the 
formation of binucleated, or finally of multinucleated cells, the so- 
called giant-cells. These giant-cells may afterwards break up 
into uninucleated cells, the protoplasm gathering itself around the 
several nuclei and dividing along the boundaries of the regions so 
defined. Sometimes this happens in a peculiar way. The protoplasm 
of the daughter-cell separates fix>m that of the mother-cell, but in 
such wise that it remains surrounded by the latter on all sides : 
the one cell includes the other. VmcHOW has called such cells 
brood-cellfl. They do not occur fi-equently. They have been 
thought commoner than they really are — inasmuch as leucocytes 
which have penetrated into a large ordinary cell have been taken 
for a brood of daughter-cells. The process of cell-division takes a 
peculiar form also in the formation of cell-buds, or gemmatton. 
The mother-cell shoots out a longer or shorter process; this then 
receives a nucleus ; and lastly divides off fi:om the parent (see imder 
New Blood-vessels Art. 86). The peculiarity is chiefly in this— 
that the movements of the protoplasm (evidenced by the protrusion 
of the bud) precede the nucleus-division. The new nucleus, 
derived as in all other cases by subdivision firom the mother- 
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nucleus, migrates into the bud after it is already marked oif from 
the parent. 

Until quite lately the process of nucleus-division was described (after 
Remak) somewhat m this fashion : — The nucleus len^hens out, becomes 
indented and constricted in the middle, and at last divides (compare Rind- 
FLBiscH, Paiholoffical HiUology, voL i, p. 71 ; Cornil and Ranvier, Manual 
cf Path. Hut. voL I, pp. 9, 83). The constricted bean-shaped nuclei found in 
acme preparations were regarded as in the preliminary stages of subdivision ; 
and the multiplication of the nucleoli was regarded as the first step in the 
actual process. This view must now be ^ven up. The various shapes of the 
nuclei depend partly on actual contractions, piu*tly on shrinkage ouring the 
hardening process. Increased size of the nucleus may perhaps have a relation 
to its imminent subdivision : the mere multiplication of its nucleoli has 
certainly no such relation. 

The older theories of direct nucleus-division have been discredited by the 
latest researches ; so also have the still older views concerning the formation 
de novo of cells and nuclei. (See Strasburger op. cit., where ftdl references 
to the literature of this subject are given.) 

The question whether or not the wmte blood-cells subdivide is as yet 
unsettled. Indirect nucleus-division haa not been observed in them. See 
Klein, Centralb. med, Wus. 1869, Q. Jouni. Mic, Sc. 1875 and Handb. of Phya. 
Lab. ; Ranvier, Traits techni^ftte dhistologie p. 161. 

On 'endogenous genunation,' bv winch brood-cells are produced, see 
ViBCHOW, Cdlular Pathology; and Klein, Wiener SUzungtber. 1871 and 
Anatomy cf Lymphatic System voL i London 1875. 

77. The formation of new cells is the first step towards 
hyperplasia as well as towards regeneration. They yield the 
formative tissue out of which the defimtive structures are aeveloped. 
As the processes of cell-division in pathological new-formations are 
closely analogous with those of normal multiplication, so^also do the 
succeeding formative processes run parallel with those of normal 
growth. If epithelium or fibrous tissue is to be fashioned out of 
the indifferent tissue which results from cell-division, the process 
of transformation is exactly the same as occurs in the normal 
development of the organism from embryonic tissue. 

So far as investigation in this region has yet extended, we find 
the law of the specific nature of the tissues to be everywhere 
obeyed. The cell-progeny of the embryonic cells which went to 
form any given layer of the blastoderm can ffo to build up such 
tissues only as are normally derived fi:om that layer. An epithelial 
cell can in no possible circumstances form bone or cartuage: a 
connective-tissue corpuscle cannot bring forth an epithelial cell or 
a gland-cell. This law has frequently been called in question : the 
specific distinction between the vanous tissues was formerly not 
recognised or not accepted. Thus VmcHOW, to whom we owe 
the fundamental principles of cellular pathology as regards new- 
formations, held that connective tissue might serve for the matrix 
of the most various structures. This view is no longer tenable : 
observed facts constrain us to believe that a tissue cannot give rise 
to new tissue other than of its own kind or kindred. 

Epithelial tissues are, generally speaking, built up by the 

8—2 
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cementing together of formative cells in a way which is character- 
istic of epithelium everywhere : the cells are in juxtaposition, the 
intercellular cementing substance is subordinate. In fibrous tissue 
on the other hand, the intercellular material derived from the cells 
is the chief constituent, and gives to the tissue its characteristic 
properties. 

78. A morbid growth is the product of various factors. If 
a cell is to grow ana multiply it must first be endowed with the 
faculties necessary to growth and reproduction. In other words it 
must have the power to take up from the blood a greater quantity 
of nutriment, to assimilate this, and apply it to the formation of 
new protoplasm. This property of the cell Virchow has called 
the nutritive and formative excitability {Irritabilitdt) : a term 
which implies that it is some stimulus or excitation from without 
which stirs up the cell to increased assimilation. 

We must therefore be^ by enquiring of what kind the stimuli 
must be that can thus excite the cell to intenser activity. 

When, in embryonic development, a part or organ grows to 
an abnormal size and thus becomes so to speak gigantic, we 
may refer the phenomenon to several possible originating causes. 
The primary rudiment of the part may have been unusuafly large : 
the embryonic cells may have been endowed with an abnormal 
share of vital energy : they may have had specially fiivourable 
chances of nutrition: the resistances to proliferation may have 
been abnormally slight. It is not in general an easy task to 
decide which of these factors has in a given case determined the 
result. It is of course always possible that several factors have 
been working together. 

In the hypertrophies of later life (including the hyperplasias 
and regenerations), which are demonstrably conditioned from 
without, and so do not depend on pre-existing or embryonic factors, 
the question of aetiology is so far simplified. We must direct our 
attention to the other possible fieictors, namely increased vital 
energy, increased supply of nutriment, or diminished resistance 
to growth. It is however not to be forgotten — ^that the cause of the 
increased activity of the cell may be of the nature of a stimulus 
from without, which acting directly upon the cell excites it to more 
intense productiveness. We may assert then in general terms 
that, when the nutritive and formative activities of a cell are 
morbidly increased, the effect is due to augmentation of the 
physiological stimuli or diminution of the physiological resistances 
to growth, or to the direct influence of external stimuli. 

79. Experience has shown that many tissue-cells, even when 
they seem, by their close connexion with their neighbours, to be as 
it were firmly built into the tissue of which they form a part, still 
retain for a time the power of growth and subdivision, or in other 
words, of multiplication. This is especially the case with cells whose 
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protoplasm has not undergone any serious metamorphosis. As to 
the conditions governing such multiplication, experience alone can 
inform us. 

Many observers (Stricker, Boettcher, Neumann, &c.) assert 
that extrinsic stimuli, that is to say phjrsically or chemically active 
substances, have the power of exciting the cell to proliferate. 
Thus caustics and the actual cautery applied to tissues are said 
to induce in them cell-multiplication by direct action. There seems 
to be no certain observation which either establishes or confirms the 
assertion. Researches made in this direction have shown that 
the action of such external agencies is in the first instance 
destructive: that in caustic corrosion, for example, not only does 
the tissue which is directly attacked perish, but that in its 
neighbourhood undergoes secondary degeneration as well. It has 
furthermore been uniformly observed that formative changes do 
not begin to appear until a certain time after the, injury ; it Is 
therefore very unlikely that they are directly brought about by it. 
Lastly, they do not commence at the injured spot, but in its 
nei^bourhood. 

From these considerations it appears that the proposition, often 
enunciated as if it were self-evident, — ' The stronger the external 
stimulus, the greater the proliferation' — cannot be accepted as 
true. We can at most admit that very slight stimuli, sufficient 
merely to excite the cell without injuring it, may perhaps call into 
play its power of multiplication: but nothing has been experi- 
mentally established concerning the nature, the action, or the mode 
of application, of such stimuli 

The researches on the reaction of cells to external stimuli have heen 
made chiefly with the view of determining^ the source of the migratory cells in 
inflammation (Art. 99\ Stricker and his pupils affirm that the stimulus of 
inflammation excites tne affected cells to rapid multiplication. The tissue-cells 
and their appendages swell up (it is said) under this excitation, and subdivide 
into new oeDs and non-nucleated lumps of protoplasm (Stricbler's Vorles, 
iiber aUg. Pathol. Vienna 1878 ; and Pathology of infiam,^ IrUeniat, Encydop, 
ofSvrgery vol. i. 1882). C!ohnheih {Lehrh, 2. aUg, Pathol)^ Key, Retzius, 
Eberth, and others have failed to make out any such consequence of 
inflammatory irritation. 

Even if the meaning of the word stimulus be extended to include any 
mechanical or chemical agency which can influence the cell, we cannot adduce 
any undoubted observation serving to establish Stricker's view. 

80. If then it be true that external injurious agencies are not 
competent to induce multiplication in cells, we must have recourse 
to the normal vital stimuli if we are to explain the process of 
pathological cell-growth. For the due growth and multiplication 
of a cell certain external conditions must be fulfilled. Above all it 
is necessary to provide for a certain degree of warmth, and a certain 
modicum of proper nutritive material. In addition to this there 
must be no obstacle in the way of multiplication. These are the 
external requirements. The internal condition is the inherent 
£Eunilty of the cell to assimilate the nutriment oflTered to it. 
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In a tissue not undergoing transformation, the &ctors favouring 
proliferation and those which inhibit it must be in a state of 
balance. If this balance be disturbed toward the side of the 
proliferous forces, the cells proceed to grow and to multiply. The 
fax^tors in question resolve themselves on analysis into thriee. 

In the first place, it is conceivable that the capacity of the cell 
to assimilate nutriment may be increased. Such increase can only 
be conditioned by an increase in the normal stimuli required for 
the preservation of the cell. Such stimuli are warmth, for many 
cells light, for the muscles motor impulses, for glands special 
excitations from the nervous system, &c. Increased stimulation of 
this kind may as a fact lead not only to intensified functional 
metabolism in the tissue concerned, but even to hypertrophy of 
its elements. Such hypertrophies, which we may call functional 
hypertrophies or hypertrophies of action, are specially common 
and remarkable in muscles and glands (heart-muscles, bladder- 
muscles, kidneys, &c.). As we have said, they are referable in 
part at least to increased vital activity in the cells, consequent 
upon increased physiological stimulation. 

A second possible factor is increase in the supply of nutriment. 
This plays a chief part in hyperplastic processes, at any rate. 

A third is the removal of the normal checks to growth. Its 
efiFect is most evident in the processes described as regenerative. 

If we attempt in particular cases to make out to which of these 
fax^tors cell-multiplication is due, we are led to see that it is rare 
for any one factor alone to be the efficient cause. The remarkable 
regulating mechanism of the vessels is so adjusted, that when the 
function of a tissue is increased its blood-supply is increased to 
correspond. In like manner when the smallest fragment of tissue 
is removed, the slight loosening of the surrounding texture is 
enough to augment the stream of transudation from the vessels. 
In consequence of these adjustments, increased supply of nutriment 
plajrs a great part in all the formative disturbances of nutrition. 

CoHNHEiM, in his AUgemeiyie Pathologie, has insisted on the importance of 
increased supply of nutriment even more strongly than we have done. 
According to his view it is the sole influential factor, compared with which 
the intrinsic activity of the cell is quite secondary. We are imwilling to 
condemn the cell to play so passive a part, but rather agree with Virchow, 
who (Cellular Pathology) lays it down that — *the cell is not noimshed, but 
nourishes itself.' Functional hypertrophy is therefore not to be looked upon 
as the mere consequence of the increased blood-supply to the active organ. 
If the assimilative activity of the cells were not augmented, the mere presence 
of a greater supply of nutriment would be valueless. See Samuel's AUg. 
Path. 1879 ; Paget's Surgical Pathology Lect. 3. 

81. We shall more readily comprehend the activity of the tissue- 
cells, Le. their behaviour under various conditions, and the changes 
they pass through — ^now at rest, and now manifesting intense 
formative energy — ^if we consider first the vital manifestations 
of an organism that is unicellular. In later chapters we shall have 
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frequently to speak of unicellular micro-organisms, of bacteria 
and yeast-plants, and their mode of life. If we reflect on the 
conditions essential for the multiplication of such organisms, we 
note that the nature of the nutrient fluid is (next after the 
adjustment of the temperature) the factor of highest importance. 
In suitably-composed fluids the fungi develope much more luxu- 
riantly than in those that are ill-suited. But we are not thereby 
justified in assuming that the cell pla^s a merely passive part, that 
all it has to do is to take up the nutriment offered to it. The cell 
is on the contrary active, and its activity has a special influence on 
the liquid itself. It has the power to induce certain chemical 
changes in the liquid, to decompose certain substances contained 
in it, and to change their condition so as to adapt them for 
assimilation by itself. The cell does not merely take in and give 
out material: it acts ' catalytically ' on its environment. This is 
proof at least that the cell possesses a high degree of spontaneity — 
that it has the power of making more available for its own 
sustenance the various forms of nutriment that come in its way. 

It is also of great interest to remark that the cell is ultimately 
limited in its formative activity by its own products. When the 
amount of nutriment present is abundant, the activity of the cell 
comes to an end, not through the exhaustion of the supply, but 
through its contamination with certain products of cell-metabolism. 
Many of the substances engendered in fermenting liquids by the 
action of fungi tend to cneck the growth and multiplication of 
the fungi themselves : when present in quantity they may put a 
stop to multiplication altogether. The alcoholic fermentation, and 
the multiplication of the yeast-plant which produces it, come to an 
end when a certain proportion of alcohol has been generated in the 
fermenting liquid. In septic putrefaction the bacteria generate 
compoun(£, such as carbolic acid, which are destructive to them- 
selves. If we may apply these facts of fungus-physiology to the 
cell-physiology of higher organisms, we find that they illustrate 
first of all tnis principle — ^that the quantity and quality of the 
nutritive material at the disposal of the cell have a profound 
influence upon its behaviour. And secondly, this other, — that the 
cell has nevertheless an intrinsic power of utilising this material, 
and of appropriating what is suitable to itself out of various 
combinations. Lastly, the limits imposed on the multiplication of 
fiingi by the products of their own activity may help us to under- 
stand how the formative activity of the cells of complex organisms 
may be temporarily checked. We cannot indeed regard the inter- 
cellular substance of the connective tissues as equivalent in 
significance to the products of the chemical changes induced by 
the bacteria. Yet the comparison may at least enable us to 
conceive how cell-growth may tend to limit and to check itself, 
without the interposition of extrinsic resistances. In the con- 
nective tissues the formation of the intercellular substance is the 
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limiting factor, in the epithelia it ia the cohesion or cementation of 
the individual cells into a firm and single whole ; just as in yeast- 
fermentation it is the formation of alcohol. When the alcohol is 
withdrawn in the latter case the multiplication of the yeast-fiingus 
goes on again. So likewise if the intercellular substance be dis- 
solved away from a connective tissue, or if the continuity of the 
epithelial mosaic be loosened or interrupted, the faculty of multi- 
plication is again awakened in the constituent cells ; or if (as in 
the epithelia) it has never been dormant, it is at once intensified. 

In the human organism temperature is not a factor of such importance as 
it is in regard to unicellular organisms. In the former the temperature 
is approximately uniform : change of temperature cannot therefore play any 
great part in promoting cell-growth. Even changes in the quality of the cell- 
nutriment can have but a small part of the significance here that it has in the 
case of fungi living in a nutrient solution : such grave changes as may be 
artificially produced in the character of the solution do not occur in the 
body. Quantitative variations are thus of the greater importance. 

82. It often happens in an organ which is the seat of hyper- 
plastic proliferation that the dijBTerent elements do not take an equal 
share in the process. Thus an enlarged gland may in one case 
owe its increase in size entirely to additions of gland-substance, in 
another to increase in the fibrous constituents. We may have a 
glandular hyperplasia, or a fibrous hyperplasia. This may happen 
in any organ wluch is composed of more than one kind of tissue. 
The inequality in the relation of the two tissues may be so extreme, 
that while one is highly hyperplastic the other may not merely £ail 
to increase but may even undergo atrophy. In the latter case it 
is generally the specific elements (ganffuon-cells, nerves, gland-cells, 
muscles, &c.) which atrophy, whue the fibrous elements increase 
and multiply. A very frequent cause of such unsymmetrical 
hyperplasia of the fibrous tissue is inflammation (which see). In- 
flammation plays a chief part in pathology ; only too frequently its 
disastrous result is fibrous hyperplaiSa of the affected organs, 
involving atrophy of their essential elements. 

What is true of hyperplasia, holds also for regeneration. When 
part of a tissue has been destroyed, the regeneration which ensues 
18 by no means always complete and perfect. In the human organ- 
ism at least, the power of restoring or regenerating a lost part is 
very limited. Farts of any appreciable size when once lost are never 
replaced. This is true for example of a limb, a finger, a piece of 
liver, or of brain-substance. All highly-specialised structures, and 
their specific elements, show but slight traces of regenerative power. 
Thus in adults it is highly probable that ganglion-cells are never 
reproduced, if once destroyed. Glandular epithelium is only restored 
when the loss is very trifling, and when some of the essential cells 
still remain intact within the gland-unit (acinus or tubule). When 
a gland is wounded and its texture broken into ever so little, the 
wound in healing fills up not with gland-substance but with fibrous 
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tissue. Pathological vicarious tissue of this kind is described as 
cicatricial or Bcar tLuue. It is the result of an inflammatory 
process (Art 108), or of multiplication among the connective-tissue 
cells. 

With nerves and muscles the case is much the same. Deficien- 
cies of any size are filled up with scar-tissue. 

The connective and epithelial tissues are more favourably 
circumstanced. The latter especially have the power of reproduc- 
ing wide areas of lost surface, .^nong the fibrous tissues, the 
periosteum is remarkable for its regenerative power ; while carti- 
lage is replaced very imperfectly if at all. 

83. When by a process of proliferation a new tissue is produced 
whose elements are normal in type, though the type is not that of 
the matrix-tissue, we speak of the formation as a heteroplasia. 
In one sense a cicatrix in an organ like the liver is a heteroplasia, 
inasmuch as fibrous tissue replaces the proper liver-tissue. And 
even when the fibrous tissue of the cicatrix is compared with 
that of the liver, we must still regard the cicatrix as heteroplastic : 
the characters of the two tissues are markedly dijBFerent. This is 
true of fibrous hyperplasias in general, and in particular of those 
consequent on inflammation. Owing to the generic resemblance 
of the normal and pathological tissues, however, it is not usual to 
reckon these among the heteroplasias. 

The special field of heteroplastic formations lies among the 
tumours or morbid growths. A tumour, in the limited sense of 
the term, is a formation of new tissue. It may resemble more or 
less the matrix-tissue from which it grows, but it always possesses 
certain characteristics which distinguish it from the surrounding 
structures, and which justify us in speaking of it as heteroplastic. 






CHAPTER XIX. 



HYPERPLASIA AND REGENERATION IN PARTICULAR 

TISSUES. 

84. The morphological changes which take place in the hyper- 
plasia and regeneration of the epithelia are comparatively simple. 

Epithelium can arise only from epithelium : the several var- 
ieties even do not usually pass into each other. Eberth's re- 
searches {Virch, Arch, vol. 6/) have shown that the nuclear trans- 
formations in epithelial cells during their reproduction are quite 
analogous to those figured in Flemming's scheme. The disappear- 
ance of the nucleoli and nuclear membrane, the formation of 
filaments, of two semi-spindle forms (or as Eberth calls them 
' creel-forms '), of star-forms, &c., are all observed in the epithelial 
cell, within a clear areola of cell-protoplasm. The star-forms 
likewise, as they move asunder polewards, become transformed into 
nuclear networks in the midst of the clear intermediate substance 
of the daughter-nuclei. Arnold describes {Virch. Arch. vol. 78) 
nuclear figures observed in tumour-cells, which in details seem 
rather to correspond with Strasburger's version of the pheno- 
mena. The subdivision of the cell-protoplasm occurs either during 
the later stages of nucleus-division, or after it is complete. In 
other cases processes are first thrown out bv the subdividing 
epithelial cell, and into these daughter-nuclei then migrate. The 
budded processes become independent cells by separation from the 
mother-cell. 

Small losses of lining epithelium are in general replaced quickly 
by means of regenerative multiplication. Glandular epithelium, 
like that of the Kidney, may also be quickly reproduced when lost, 
provided only the structure of the basis-tissue (fix)m which the cells 
derive their sustenance) is not altered or destroyed. Hyperplastic 
multiplication of epithelial cells is very common, especiiQly in 
tumours. 
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Epithelial cells have also the power of remaining alive for a 
time when separated from their proper matrix. They may in this 
way be transferred from one basis-tissue to another. Thus epi- 
thelial cells &om the skin of one person may be transplanted to 
the surface of a granulating wound m another, and there grow and 
multiply (Revekdin's skin-grafting). This is a simple and con- 
vincing proof of the independence or autonomy of the cell, and of 
the importance of its inherent powers in reference to its nutritive 
and formative activity. 

The regeneration of epithelium has of late years been made the subject of 
numerous researches. Most observers a^ee that epithelium can arise only 
from epithelium : only a small number like Burkhard ( Virch. Arch. vol. 17), 
CoRNiL and Banvier (Man. Path. Hist. vol. i), and Bindfleisgh {Oetffebdehre, 
4th ed« p. 128 ; Pathotoffical Histology vol. i, p. 106) assert that epithelium 
may be formed from connective-tissue cells. No convincing proof of the 
assertion is alleged; while the fact that cutaneous wounds begin to skin 
over only at sports where epidermal cells still remain tells strongly against it. 

Arnold {Virch. Arch. voL 46) believes that in epithelial regeneration a 
plasma is emised into which nuclei subsequently migrate. Klebs {Arch, f. 
exper. Path, ni), von Wyss {Virch. Arch. vol. 69), Cohnheim (Virch. Arch. 
vol. 61), and Eberth {loc. cit.) have failed to confirm this, but found on the 
other hand that regeneration was e£fected by subdivision of the old epithelial 
cells. Klebs observed in the young cells phenomena suggesting contractility 
and the power of locomotion : Waldeter has made a like observation in the 
case of epithelial tumour-ceUs. The first communication on epithelial trans- 
plantation and skin-grafting was made by Beverdin {Soc. ae chirurgie, 13 
Dec. 1869 ; Brit. Med. Joum. 2, 1870 ; Arch. g^. de mM. 1872). His method 
has since been extensively employed with a view to the speedier skinning over 
of wounded surfaces {Ir^. Ervcg. of Surgery vol. i). Schweninger has shown 
{Ueher Transplant, von Haaren Munich 1875) that the mere laying on of 
hairs, which nave been plucked out with the outer root-sheath adhering, 
suffices to set up epithelial proliferation on granulating surfaces. 

Griffine {Virch. Jahresber. 1876) has shown that, when ciliated cylindrical 
epithelium is lost, it is first replaced by ciliated squamous epithelium : this is 
then gradually transformed into the cylindrical variety. 

85. New fibrous tissue is invariably developed from cells, 
and the process is the same as that by which normal fibrous tissue 
is formed. The formative cells have been named fibroblasts. 
They are derived by proliferation either from the stationary cells 
of the connective tissue, or from migratory leucocytes, %.e. white 
blood-cells which have escaped from the vessels. The develop- 
ment of the latter will be treated when we discuss inflammatory 
new-formations. 

Fibroblasts are cells with large vesicular nuclei and nucleoli, 
and are capable of active subdivision and multiplication. By 
proper handling it is possible to make out the nuclear figures, 
but the subject has not been suflSciently investigated to afford 
means for a detailed description of the process of subdivision. 
The cell-protoplasm is pale and highly granular : the size of the 
cells varies, on the average it is about tnat of an ordinary squamous 
epithelial cell. They are often described as epithelioid cells. Not 
infrequently multinuclear cells are met with, the so-called giant- 
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cells. The form of the fibroblasts is extremely variable. In the 
earlier stages they are rounded, later on they become club-shaped, 
spindle-shaped, star-shaped : in short they assume eveiy possible 
shape and form. 

When they have accumulated in any spot and begin to address 
themselves to the formation of tissue, they become connected with 
each other by means of their processes and projections ; or they 
arrange themselves in a compact mass of densely-packed multi- 
form cells. 

The intercellular substance which gives the fibrous tissues 
their characteristic texture is derived from the cell-protoplasm. 
The ends and lateral borders of the cells become fibrillated ; or the 
boundaries between the cells disappearing a homogeneous mass of 
protoplasm is formed, and in this fibrils are afterwards developed. 
A great many of the formative cells are used up in this way : some 
lu)wever retain their nucleus and a part of their protoplasm, and 
form the fixed connective-tissue corpuscles of ihe new tissue. 
(Cf Art. 108.) 

According to the greater or less compactness with which the 
formative cells are deposited and grouped, the new tissue is firm 
and dense, or loose and reticular. Fibrous tissue, rather than 
areolar, is that most commonly developed, especially as a conse- 
quence of inflammation. It may become hyperplastic, either by 
itself, or accompanied by hyperplasia of contiguous tissues such as 
the epitbelia. In respect of the diffusion or extension of the hyper- 
plastic process it is of some importance to distinguish between 
diffuse or. indefinite hyperplasia, and that which is limited to 
definite areas : the latter leads to tissue-formations which resemble 
tumours. (See under Tumours, Sect, vii.) 

Adlpon time is formed &om normal or patholocfically 
developed connective tissue, or from mucous tissue, by the deposi- 
tion of fat in the interior of the cells. 

Mucous tissue, characterised by the mucous consistence of its 
ground-substance, is generally derived fix)m an existing tissue by 
metaplasia (Art. 90) : it may also be formed from new proliferating 
cells. 

Neuroglia is developed by the multiplication of the neuroglia- 
cells. 

The structure and development of the connective tiissues, both noimal 
and pathological, have been the subject of many researches. The origin of 
the ground-substance has given rise to controversy. Some consider it to arise 
outside the cells, others from within theuL A third theory again, while 
admitting its external origin, supposes that the fibrils are product in it by 
the formative power of the cell as if they were a kind of plastic secretion. 
The view of the text only applies to the formation of fibrous tissue from new- 
formed embryonic or indifferent tissue. It does not apply, for example, to 
the formation of fibrous tissue by metamorphosis of the basis-substance of a 
different tissue, such as bone (see under Metaplasia Arts. 90 — 92). For 
further details the reader is refen«d to the following : — ^Virchow ( Vtrch. Arch. 
vol. 13), Neumann (Arch, fur Heilk. 1869), Aufrkcht ( Wiener tnsd, Wocheruehr. 
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1868X RiNDFLEisoH {Potholoffioal Hiitclogy voL I, p. 92), Zieoleb (UrUerauch, 
fiber path, Bindeaeweba- und Oefiisaneubildtmff), Perls {Handbuch d. aUg, Path, i), 
TiLLMANNS ( Virch. Arch, voL 78). 

86. The formation of new blood-vessels plays a chief part 
in hyperplasias of every kind. Wherever fibrous tissue, bone-tissue, 
gland-tissue, or any other is produced in quantity, new blood- 
vessels must of necessity be developed. In no otner way is it 
possible to keep the new-formed tissue adequateljr supplied with 
nutriment. For this reason new blood-vessels begm to be formed 
at a very early stage in all new growths, and they must be regarded 
as the chief factors in the formative process. 

New blood-vessels are developed out of off-shoots which start 
firom the walls of existing blood-vessels. 

The first change observed is the formation of a conical sprout 
or projection on the outer surface of some capillary vessel. From the 
top of this runs off a fine filament of protoplasm, which gradually 
lengthens. The granular mass forming the projection increases in 
size, growing out into an irregular process or off-shoot. This is at 
first solid ; but nuclei soon begin to appear among its granules. 




FlO. 20. BeYELOPMBNT of BLOOD-TESeOELS BT 8PB0UTB AND OFF-BHOOTB. 

{From preparaiiont of inflammatory granulaXvm-tUaue,) 

abed various forms of vascular off-shoots ; some solid (&, c\ others in process 
of excavation (a, &, d) ; some single (a, d), others branched (&, c) ; some with 
nadei (b, c), others without (a, d). Formative ceUs from without have at- 
tached themselves to the off-shoot d. 
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The ofiF-shoot may become attached to another vessel; it may 
unite with a second off-shoot; or it may return back into the 
vessel from which it starts, forming an arch of protoplasm (Fig. 
20 c). From the solid off-shoot other secondary off-shoots may 
start (Fig. 20 b, c). Sometimes their extremities become club- 
shaped (c). The originally solid off-shoot becomes by and by 
excavated, by liquefaction of its central parts. The excavation 
quickly becomes continuous with the lumen of the vessel (a), 
or the wall of the latter bulges into the excavation. In either 
case the blood from the parent vessel penetrates the new one, and 
distends it. The excavation proceeds and extends onward to the 
point of jimction of the new vessel with another, so that at length 
a new pervious capillary loop is formed. 

The off-shoot as it starts from the wall of the parent vessel is 
in effect a sprouted bud from an endothelial cell : when it subse- 
quently receives a nucleus it becomes an independent cell. The 
new blood-vessels are therefore intracellular channels, produced by 
the excavation of elongated or filamentous cells. 

For a short time after the opening up of the new capillary 
channel the vessel- wall remains homogeneous in structure. Soon 
the protoplasm begins to gather roimd the nuclei of the wall, which 
in the meantime have been multiplying by subdivision. Cells 
become in this way distinguishable, and presently the capillary- 
wall appears in its perfected form as a mosaic of flat endothelial 
cells. (As Arnold and others showed, the boundaries between 
the cells may be rendered apparent by injecting the vessels with 
solution of nitrate of silver.) By this time the wall has generally 
reached a considerable thickness. This is in part owing to the &ct 
that ordinary formative cells attach themselves in numbers to the 
vessel-wall; they then dispose themselves along its length, and 
thus tend to give it needed strength (Fig. 20 d). 

So far as we have been able to make out, the process of formincf 
new blood-vessels nearly always passes through the stages described. 
It is only at times that another stage is interpolated in which 
spindle-shaped, club-shaped, or branching formative cells become 
connected with the off-shoots from the capillary-walls, and develope 
into new vessels by central excavation in the same way as the off- 
shoots themselves develope. 

The subject of the fonnation of new vessels has a special interest in refer- 
ence to the theory of cell-multiplication. We have in this case to do not with 
symmetrical sulxlivision, but with gemmation : and moreover the initial 
movement is set up not as usual in the nucleus, but in the cell-protoplasuL 
The protoplasm of the endothelial wall-cells throws out a non-nucleated process : 
the subdivision and migration of the nucleus is subsequent to the movement 
in the protoplasm. 

The author has verified the above account in the course of his researches 
on granulation-tissue and on tumours (Zieqler, Ueber path. Bindegewebs- und 
OefiUmevbUdung Wiirzbui^ 1876). Stricker ( Wiener Sitzungsberichte 1865 — 
1866), GoLUBEW {Ardi. /. mikro. Anat. 1869), and Arnold ( Virck. Arch, vols. 
53, 54) have described the above mode of development of new vessek as 
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obeerved in tadpoles' tails, Travers in the foot-web of the frog {On Ir^flam' 
nuKtion &c). It is the only mode which certainly occurs in pathological 
formation& For this reason we have not giv.en the customary enumeration 
of the primary, secondary, and tertiary modes formulated by Billroth 
{Untersuch. ii. d ErUwick, d, Blutgef, Berlin 1856) and Rindfleibch (Fatho- 
logical Hutclogy vol. i, p. 89). In the primary mode the embryonic cells 
become directly transformed into red blood-cells on one hand, and into the 
parietal cells of a vessel on the other. The embryonic cells in fact arrange 
themselves into cords : the axial ones become blooa-cells, the peripheral ones 
cohere as elements of the containing vessel-wall. This process takes place in 
the mesoblast of the embryo, but not in pathological formations (Klein, 
WieT^er SitzuTigsberichte 1871, Q. J<mm. M, Sc 1872 ; Balfour, Comp. Embryo- 
logy voL n). 

In the secondary mode TBillroth, O. Weber, Rindfleibch) spindle- 
shaped cells cohere to form cylinders in such wise as to enclose a continuous 
canal. This notion seems to rest on a mistake, occasioned by the fact that in 
granulation-tissue, for example, the vascular ofif-shoots are very quickly 
surrounded and wrapped about with spindle-shaped formative cells : and 
this gives the off-shoots the appearance of strings of cells. 

"nie so-called tertiary moae is that given in the text. Compare the 
description by Paget {Sv/rffical Path, Lect. 10). 

87. Proliferation in cartilage may be either a regenerative 
or a hyperplastic process. The reproduction of cartilage-cells at 
the margin of a breach is efiFected by the cells first enlarging, and 
then undergoing subdivision of nucleus and protoplasm. Nuclear 
figures are observed. In this process many of the cells attain to 
great dimensions and may contain as many as twelve nuclei apiece 
(Ewetzky). The cells are rounded or branched, stellate or spinous. 
The capsular membranes disappear as the cells enlarc^e and multiply. 
Later on the cells or cell-groups become surrounded by the charac- 
teristic hyaline matrix-substance. 

In hyperplastic proliferation the process is similar. The cells 
multiply and stretch the capsules, or cause them to give way and 
disappear : in like maimer the intercellular matrix is distended or 
destroyed. Subsequently the new-formed cells generate for them- 
selves firesh capsules and matrix-substance. 

When a breach in cartilage is not repaired by multiplication of 
the cartilage-cells, fibrous tissue, developed firom fibroblasts, usually 
fills up the gap. In other cases bony tissue is developed as well. 

Cartilage may arise not only from cartilage, but fi:om other 
allied tissues, such as growing periosteum in particular, perichon- 
drium, marrow, bone, fibrous tissue, and epithelium. The meta- 
morphosis is sometimes efiected directly, as fix)m perichondrium or 
marrow, sometimes through the intermediate stage of OTanulation. 
In the latter case an indifferent tissue is first formed, wnich is rich 
in single cells : these then become transformed into hyaline matrix- 
substance and cartilage-cells. Cartilaginous new growths are most 
commonly found in connexion vrith the skeletal structures : in other 
regions tney are rare. 

Memoirs on the formation and proliferation of cartilage have been published 
by ViRCHOW {(hikologie i), Goodsir {Anat. and Path, Oba. 1845), Kedfern 
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Ufonth, Joum, med, scietioe 1851), Ewetzkt (Entmndunffi-versuche am KnorpeL^ 
Ebsrth's Arheiten in), Wartmann (Recherches iur renchondrome Qeneva 
1880), ICassowitz {Die normale OsnficxUion Vienna 1861). Further details 
will be given in the section on the Special Pathological Anatomy of the Bones. 

88. The boneB have a very marked power of regeneration 
and of hyperplastic proliferation. The seat of this power is not so 
much in the osseous tissue itself as in those tissues which normally 
possess the power of bone-production ; these are the periosteum in 
particular, and in a less desree the marrow. In very many cases the 
^osteum alone perfomi^the office of replacing aloss o/bony sub- 
stance. Many osseous hyperplasias are essentially the work of the 
periosteum. Cartilage has also some power of reproducing bone. 

Fibrous tissues unconnected with the skeleton very rarely give 
rise to bony tissue. Such abnormal bone-formation is however 
not unknown in certain cartilaginous and fibrous structures, such as 
the dura mater, the laryncfeal cartilacfes, the intermuscular septa, 
and inflammatoV fibro/s ^ues. . . 

The formation of new bone may occur in various ways, but it 
follows in general the lines of the normal process of ossification. 
The simplest mode is perhaps that in which the periosteum (or 
medullary tissue) gives rise to osteoblasti (t. e. large multinuclear 
formative cells resembling fibroblasts). These come into contact 
and cohere, and then imbibing calcareous salts are transformed 
partly into homogeneous matrix-tissue, partly into bone-corpuscles. 
In other cases the formation of bone is preceded or accompanied by 
the formation of granulation-tissue. Owing to this the exact mode 
in which the bone-substance is generated may be somewhat 
masked; but close investigation shows that here also osteoblasts 
are produced in the first instance, and that these are afterwards 
transformed into bone. The proliferating periosteum very often 
produces cartilage to begin witn. Fart of this cartilage may then 
pass directly into bone by a peculiar transformation. Or the 
cartilage may be replaced by a medullary tissue abounding in 
cells; and firom this, by the agencv of osteoblasts, the iN^ne- 
substance may ultimately be produced. 

Normal cartilage behaves in the same way as that produced by 
proliferation of the periosteum. Like the latter it may be trans- 
formed into medullary tissue and bone-trabeculae. We have thus, 
in addition to the osteoblastic mode of bone-formation, a second or 
metaplastic mode, by which an already existing tissue is trans- 
formed into bone. As we have said, this occurs most firequently in 
cartilage ; but other fibrous and sarcomatous tissues, by taking up 
calcareous salts, may in like manner be changed into bone. Their 
basis-substance is transformed into bony matrix-tissue, and their 
cells into bone-corpuscles (Arts. 90 — 92). 

Further discussion of the subject of pathol(Mdcal hone-formation will be 
found in the Special Pathological Anatomy. The recent memoirs of the 
following authors will serve to illustrate the main questions — Kolliksb (ZHe 
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narmale Resorption des Knodien^ewebes Leipzig 1873), Steudeneb {BeUrdge 
zvnr Lehre von der Knockenentvnckdung Halle 1875), Strelzoff (Die Hieto- 
ffenese der Knochen Zurich 1873), Maas {U(her Wcushsthum und Regetieraiion 
der BShrenknochen^ Langenbed^e Arch, zx), Ziegleb (FtrcA. Arch, vol. 73), 
Wolff {UrUere, ub, d, Eniwick. d. Knoch, Leipzig 1875), Busgh {Deut. ZeiUckr. 
f, Chir, vol. 8), Kassowttz {Die OseiJiccUion Vienna 1881), Macewen (Proc, 
Roy, Soc. YoL xxzii). 

89. In miucular fibre, striated and non-striated, regeneration 
and hyperplasia start primarily from the existing muscle-cells. 
Non-stnated muscular fibres may possibly be developed fix)m 
connective-tissue cells also. New muscular cells are produced by 
ordinary nucleus- and cell-division. In striated muscle, the so- 
called muscle-corpuscles grow into large cells, losing meanwhile 
their contractile substance, and multiplying their nuclei They 
become elongated and spindle-shaped, and tnen become converted 
into striated fibres. It is highly probable that no other cells have 
the power of generating stnated muscle-cells, but on this point 
opinions differ. Wounds in muscle are filled up by cicamcial 
tissue, when the superficial muscle-corpuscles have been destroyed. 

If erveB and nenre-cellB have but slight power of reproduction. 
It is very Questionable whether ganglion-cells can be regenerated 
at all in adult individuals. We nave no knowledge of ganglionic 
hyperplasia. 

In the case of nerves themselves, both regeneration and 
abnormal multiplication occur, though only to a slight extent. 
In nerve-regeneration the axis-cylinder and sheath of Schwann 
are the first to be formed, and then the medullary sheath. New 
nerves are developed only froia existing nerves : at any rate very 
serious doubts attach to the statements which have been made in 
the opposite sense. Opinions diiBTer as to the part played by the 
cells of the neurilemma and by the existing axis-cylinder. - 

The statement that non-striated muscular fibres may be developed from 
connective-tissue cells has been made by more than one observer (J. Abnold, 
Virch. Arch, voL 39 ; E. Neumann, Arch, d, HeUkunde x). It appears certain 
that cells having at least the structure and appearance of non-stnated muscle- 
cells are so developed : but no proof has been given that they have correspond- 
ing physiological properties. 

With regard to striated muscle and its regeneration, Kbaske, the latest 
writer on the subject, asserts positively that new muscle is produced onlv 
from existing muscle-elementa Ziegleb's observations are in accordance with 
this. An embryological argument ma^ be brought against the possibility of 
deriving voluntiuT muscle from connective tissue. According to the Hebtwigs 
(Die CoelonUheone Jena 1881) the striated muscle-fibres of vertebrates are of 
epithelial origin : tiiey arise from the epithelia of the body-cavities. They 
are thus in their genesis and descent oistinct from the connective tissues. 
(C£. Balfoub, Comp, Embryology^ voL n, ch. zzii.) On the striated muscle- 
cells of tumours see Art. 153. On the repair of nerves see Paget, Surg, Path, 
Lect 11 ; and Ranvieb, Higt, d, Syet, nerv, 1878. 
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CHAPTER XX. 



METAPLASIA. 



90. A tissue is said to undergo metaplasia when it is trans- 
formed into another of a diverse kind ; and that without passing 
through an indifferent blastema stage, with the characters of 
embryonic or formative tissue. 

In the foregoing chapter we have more than once pointed out 
that, of the several tissues belonging to the connective group, one 
may pass into another by simple modifications, partly affecting the 
cellular elements, partly the ground-substance. Such modifications 
are of the nature of metaplasias. They are confined to the con- 
nective tissues : — fibrous tissue, cartilage, bone, mucous tissue, and 
adipose tissue, are so to speak potentially convertible. No such 
relation holds between fibrous tissue and epithelium or muscle. 

The processes involved in metaplasia have their physiological 
and embryological prototypes. Hyaline cartilage for example is 
specially prone to transformation: its matnx-substance often 
undergoes a mucoid softening on the one hand, or a change to 
fibrous tissue on the other. Hyaline cartilage is in fact at best a 
transitory structure in man : it disappears in ossification, partly by 
retrogressive changes, partly by transformation into other tissues 
such as meduUarjr tissue ana true bone. Simple areolar and 
adipose tissue are likewise prone to change : the pannicultis adiposus 
or subcutaneous fat of the adult is in the foetus a mucoid tissue. 

Pathological metaplasias are however still more common than 
such physiological metamorphoses. 

The term metaplasia is due to Yibchow, who has also fuUy investigated 
the significance of the processes included under it ( Vtrch, Arch, vols. 8, 79 ; 
Gesammelte Abhandlungen 1856 pp. 500, 509; Cellular Pathology, and 4th 
German ed., p. 70). The sul^ect seems to have awakened but little attention : 
it well deserves it, however, for metaplasia plays no small part in pathological 
change. 

91. One of the commonest metaplasias of a connective tissue 
is that by which cartilage is transformed into mucoid tissue or into 
areolar tissue. 
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The Gist step in the process is the liquefaction or dissolution 
of the matrix into a mucous or limpid mass (Fig. 21). The capsules 




Fto. 21. Hbtuu 
iFn)maea4eoffiaigoutaTthHtU; hofmatoxj/Iin itmnit^ : x 400) 
a hyaline outilags b tisBue made up of branching oella 

e oftrtiltge-aellH, set free by disaolntion of the matrix, beoomiog oonvoted into 
aonoectiTe-tiaaiie ooipascles 

also dissolve away and the cartilage-cells are set &ee (c). These 
change their form (6), becoming spmdle-shaped or branching ; and 
they then cohere into a cellular reticulum such as is met with in 
mucous tissue. The matrix-substance does not always become true 
mucus ; it may pass into a liquid of different composition. Such 
changes are met with in the cartilages of diseased joints. The 
areolar tissue may subsequently become filled with marrow-cells or 
with simple fat; in the last case the tissue is transformed into 
mere adipose tissue {e. g. in rheumatic polyarthritis). 

Cartilage also changes veiy readily into osseous tissue. Part of 
it becomes transformed into bony trabeculae, part into medullary 
tissue. The latter is effected through the intermediate stage of 
areolar tissue : the former by the deposition of calcareous salts in 
the matrix, itself simultaneously undergoing change into gelatin ; 
while the cartilage-cells pass into osteoblasts and oone-corpuscles. 
It often happens that the cartilage-cells proliferate abundantly 
during this process; it is not then strictly speaking a pure 
me^plasia. 

^brous tissue, like cartilage, may also be transformed into 
mucoid tissue and bone. The changes in this case are similar to 
those described in the other. The fibres and fibrillae disappear as 
the tissue becomes mucoid tissue r when it becomes bone, calcareous 
salts are deposited in the ground-substance. Here too cell-multi- 
plication is not uncommon. 

9—2 
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Conversely, osseous tissue may pass into fibrous tissue or 
cartilage, especially the former, as happens very frequently in senile 
bone-a^Tections. The ground-substance of the bone becomes decal- 
cified and fibrillated, while the bone-corpuscles become connective- 
tissue cells. 

The fibrous structures found in tumours are, like the normal 
ones, liable to metamorphosis into others of the same class. The 
metaplastic processes resemble those in normal tissues. The 
highly cellular sarcomatous tissue is very prone to transformations ; 
and these are generally such as to show that it is allied to the 
connective-tissue group. 

92. Metaplasia is to be distinj^hed from the simple de- 
generations as well as from the proluerative processes. In degene- 
ration no new tissue is formed, and what exists perishes. In 
proliferation new tissue is formed from a cellular matrix or blastema, 
which is the result of cell-multiplication. Metaplasia stands in a 
measure between these. New tissue is formed; but there is no 
cell-multiplication, or if there is it is quite subordinate. 

From many points of view metaplasia seems related to the 
retrogressive processes. The transformation of a tissue into mucoid 
tissue is near akin to mucoid degeneration. The new or trans- 
formed tissue is moreover not infrequently an unstable and perish- 
able one. On the other hand, proliferation is no unconmion 
accompaniment of metaplasia, which is thus brought into relation 
with tne progressive or formative disturbances of nutrition. The 
factor of greatest importance, as regards the further development of 
the transformed tissue, is the behaviour of the blood-vessels. K 
good vascularisation is effected, the tissue continues to live and 
grow: if not, then retrogressive changes are apt to set in. 



SECTION V. 

INFLAMMATION AND INFLAMMATORY 

GROWTHS. 



CHAPTER XXI. 



THE EARLY STAGES OF INFLAMMATION. EXUDATION. 

93. Inflammation is a term implying a whole series of 
processes partly vascular and partly textural; and these pro- 
cesses admit of a great variety of combinations. Inflammation 
being thus a complex of many elements, we are unable to give a 
defimtion of it that shall be brief and at the same time exact. 
We might say indeed that one or other element (such as that 
relating to the vessels) is characteristic of inflammation : but the 
whole content of the term cannot be fully indicated without 
describing the processes to which the term is appUed. 

From the time of Celsus, i. e. from the first century A. D., four 
cardinal symptoms of inflammation have been recognised ; namely 
'rubor, tumor, dolor, color' — or redness, swelling, pain, and heat. 
To these we may generally add a fifth, the Junctio laesa, i.e. 
impairment or arrest of the function of the inflamed part. 

These cardinal symptoms are, as a &ct, very easily and very 
firequently to be made out ; especially in cases where the inflamma- 
tion is sudden and intense. In other cases, and especially in 
chronic inflammations, one or other of the symptoms is generally 
absent, or beyond the reach of observation. The constitution of 
the infiamed tissue may also modify the symptoms: its texture 
and composition may be such that the redness, for instance, or the 
pain, or the swelling, may be absent. 

94. Galen rightly attributed the redness to an increased 
afflux of blood, and the swelling to an increased exudation from 
the vessels. The vascular changes, which thus take the form of 
hyperaemia, have been the subject of special attention during the 
last twenty or thirty years. Many investigators indeed have re- 
g^ed the vascular changes as constituting the essential feature of 
the mnammatory process. 

Andral defined inflammation simply as hyperaemia. Henle, 
Stilling, Vacca, Lubbock, and others referred the dilatation of 
the vessels, the accumulation of blood in them, and the resulting 
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exudation, to 'paralysis of the vessel-walls from excitation of the 
sensory nerves (the neuroparalytic theory) ; Hoffmann, Eisenmann, 
Jos. Heine, Budge, Bruecke, Cullen, and others, to spasmodic 
contraction of the vessels (the neurospastic theory). In the latter 
case, the contraction of the arteries and the consequent slowing of 
the blood-current were supposed to lead to an afflux of blood 
through the neighbouring vessels, but in an inverse direction. The 
result of this vascular disturbance was engorgement and exudation. 

In opposition to these neuropathic theories, some authors, like 
Haller, VoGEL, Koch, Emmert, Simon, Paget, &c., explain the in- 
flammatory disturbance of circulation and nutrition by supposing 
that the normal attraction of the tissues for the blood is somehow 
intensified. ViRCHOW has formulated this 'theory of attraction' 
with the greatest precision. In his view, the tissue-cells are 
excited by the ' inflammatory stimulus ' to increased activity : they 
thereupon attract to themselves more nutriment, and so are impelled 
to grow and multiply. The hyperaemia and vascular dilatation are 
the result of this intenser attraction. The essential ^and efficient 
factor in inflammation is thus the application of a ' stimulus ' to the 
cells, which excites them to increased activity. 

Numerous experimental researches during the last twenty years 
(amongst which those by Cohnheim are perhaps the most funda- 
mentally important) have shown that neither the neuropathic nor 
the attraction theory can be maintained. Mere dilatation or mere 
contraction of the vessels does not bring about the disturbances of 
the circulation characteristic of inflammation. The changes ob- 
served in the tissue-cells at the beginning of inflammation do not 
bear the character of productive or formative disorders of nutrition. 
There is no evidence of any influence exerted by the tissues on the 
vessels and the blood, which is at all of the nature of attraction. The 
changes in the tissue-cells are partly concomitant with those in the 
circulation, partly antecedent to them, and partly subsequent. The 
vascular disturbance is not dependent on any peculiar influence 
exerted upon the vessels ; it is the result of injury or deterioration 
(Samuel) of the vessel-walls, with or without an actual lesion of 
the tissues. To simplify the explanation of the entire process of 
inflammation, it will therefore be well to consider separately the 
vascular changes, and the textural changes. 

For an account of the contributions which English pathologists (notably 
HuNTEB, GooDSiR, BowMAN, LisTER, and BuBDON Sandebson) have made to 
our present knowledge of Inflammation the student should consult Paget 
{Surgical Pathology Lects. 13—18), SmoN and Burdon Sanderson (Arts, on 
Ir^mmaiionf HcHmeii Syst, ofSwrqeryy vols. 1 and 6), and Burdon Sanderson 
{Lectures^ Lancet 1, 1876 and LwnUeian Lectures, Lancet 1, 1882). References 
to the work of others will be found below. 

95. The vaiciilar changes. Cohnheim's researches were 
the first to make us accurately acquainted with the vascular disturb- 
ances connected with inflammation. He showed that these disturb- 
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ances may be directly studied under the microscope. The object is 
usually some transparent vascular membrane belonging to a living 
animal. The most convenient is the frog's mesentery, which from 
its fineness is well adapted for microscopic examination. The frog, 
paralysed with curare, is laid on its back on a large object-stage. 
The abdominal cavity is opened by means of a cut along the left side, 
and a loop of intestine is carefully drawn out. This is then spread 
over a thin circular cover-glass (10^ — 12 mm. in diameter) surrounded 
by a thin ring of cork stuck to the stage with Canada balsam. The 
intestine is readilv fixed to the cork ring by means of fine pins. 
If it is not desirea to make a protracted examination, it is enough 
to fasten a cork ring (4 — 6 mm. thick) to a large object-stage with 
sealing-wax, and to spread out the intestine over that. The 
preparation need not be covered with a cover-glass. If no strain 
is thrown on the mesentery, and it as well as the frog is kept 
properly moist, the vascular changes may be observed for hours 
together. 

Further details of the method are given by Cohnheik in his various 
memoirs on inflammation and embolism ( Virck. Arch, voL 40 ; Neue Unier- 
9uck, tt6. Entzwnd. Berlin 1873 ; UTUertuck, ub. d. embd. Prooesse Berlin 1872). 
The foot-web and tongue of the frog are also very convenient objects. The 
latter is to be turned out, spread over a cork ring, and fastened down with 
fine pins. Inflammation is then produced by a drop of add, or by clipping 
out a fragment with the scissors. 

For the study of the inflanmiatory process on a large scale the rabbit's ear 
is well adapted. Infianmiation may be set iip by rubbing it with croton oil 
(Samuel, ierl, klin, Woch, 24, 1866, and Der mUmndtmgsprooess Leipzig 1873). 
The mesentery or omentum of a warm-blooded animal may also be employed, 
if proper precautions are taken to maintain the body-heat, &c. See Strickeb 
and Sanpebson, Handbook far Phys. Lab. 1870 ; Thoma, Virch. Arch. voL 74. 

96. The exposure of the mesentery to atmospheric air quickly 
sets up inflammation. The earliest vascular change is a general 
dilatation of the vessels, first of the arteries, then of the capillaries 
and veins. The flow of the hlood through the widened channels at 
first becomes more rapid ; but sooner or later the speed diminishes, 
and at length the flow becomes slower than the normal. The indi- 
vidual blood-cells, which at first were indistinctly seen as they hurried 
past, become recognisable, especially in the veins and capillaries. 
In these latter the blood begins to accumulate more and more as 
the current slows. In the veins the peripheral layer of the current, 
usually containing plasma only, begins to be filled with white 
blood-cells. These have left the axim stream, and float slowly on 
with the slower peripheral current ; or, fisistening themselves to the 
wall, they remain mimoveable or oscillate to and fro. This is 
described as the marginal or peripheral disposition of the white 
blood-cells (Fi^. 22 d). At this stage the red cells take the 
place of the white in the capillaries. 

Before long the peripheral disposition of the cells is associated 
with another appearance. Here and there white blood-cells throw 
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out processes which pass into the vessel-wall («). Soon the 
processes appear outside the vessel («), and thereupon the whole 
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The first white blood-cells which migrate are quickly followed 
by others, and in six to eight hours the veins and capillaries are 
surrounded by a multitude of white cells, or leucocytes, which 
gradually distribute themselves through the tissue by active loco- 
motion. 

From the capillaries, in which the circulation becomes very 
irregular and often stops altogether, there escape red blood-cells (o), 
as well as white. If the mesentery be slightly strained so that tiie 
circulation is brought to a stand-still (stasis) at some point, the 
migration ceases there. Blood-cells do not escape from the 



Associated with the escape of the formed elements of the blood, 
there is always an eicape of liqnld. This is not in general 
directly perceptible, but is evidenced by the accumulation of 
liquid which takes place in the substance and on the surface of the 
mesentery. 
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This escaped liquid is comparatively rich in albumen, and thus 
differs essentially from the exudation which follows upon simple 
vascular engorgement. Moreover it coagulates readily, especially 
when it is effused on the surface of the mesentery. 

This description of the inflammatory process as observed in the mesentery 
appUea also to that produced elsewhere, as in the frog's tongue, by caustics. 
In the latter case the ]jroce8s is not observed in the cauterised piece (which is 
in fact dead), but in its neighbourhood. Thoma {Virch. Arch, voL 74) has 
shown that the process in wann-blooded animals is identical with that in 
cold-blooded animala 

W. Addison {Tra7i», Frov, Med, Ass, 1842 — 6) observed the escape of the 
white blood-ceUs from the vessels so early as 1842. Waller (Phil, Mag, vol. 
29) described the phenomenon more fully in 1846. The discoveiv was however 
completely forgotten until Cohnheih made it anew in 1867. Caton {Jottm, 
AfuU. Phys, 1871) showed that the white cells escape even from healthy vessels, 
at least in the amphibia. 

The peripheral disposition of the white blood-cells is a purely mechanical 
phenomenon (Weioert, Article Entzimdung^ Bealencydophdie der ges, HeU- 
kunde). It was first observed by Willlois {Qvhtonian Led, 1841). Schkla- 
REWSKT (Pflug, Arch, voL 1) nas shown that a similar effect is produced 
when a slow stream of liquid, containing fine powders of various densities 
in suspension, is made to pass through a narrow tube. When the stream 
flows at a certain rate tne lighter particles cling to the periphery, the 
heavier ones are hiuried on by the axial current. Tms is what happens in the 
case of blood. When the current is slowed to a certain extent, the white cells 
go to the periphery : when it becomes still slower (as in engorgement) the red 
cells go there also. (See also Apfert, Virch, Arch, voL 71 ; Hamilton, Froc, 
Boy. Soc Edin. vol. xi). 

The chemical composition of inflammatory exudations and inflammatory 
lymph has been investigated by Hoppe-Seyler {Virch, Arch, voL 9), Reuss 
(DevUch, Arckf, klin, Med, xxrv), F. A. Hoppmann ( Virch, Arch, voL 78), and 
Lassar ( Virch, Arch, voL 69). 

97. The effects of the process just described are easy to 
follow. The inflamed tissue becomes red, swollen, and hot: we 
have the inflammatory flush, and the inflammatory exudation or 
infiltration. The pain felt is referable to pressure, tension, or 
chemical irritation, acting on the sensory nerves in the tissue. 
It is plain, too, that the ftmction of the part must be injuriously 
affected: the accumulation of exuded matter and the imperfect 
and disordered nutrition of the part are enough to account for 
that. The vascular disturbance is beyond doubt the most 
important and most characteristic factor in the entire process 
of inflammation. The other tissue-changes involved are not to 
be overlooked or undervalued; but it is the disturbances in the 
circulation which give inflammation its special character, and 
determine its course. The question as to the essential nature of 
inflammation is thus almost reduced to the question of the causa- 
tion of these vascular disturbances. 

The slowing of the blood-current, the dilatation of the vessels, 
the peripheral disposition of the white blood-cells, the miration 
of these from capillaries and veins, and the migration of tne red 
cells from the capillaries, are all of them referable to a molecular 
alteration in the ▼essel-walLi (Samuel). Mere paralytic 
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dilatation does not give rise to slowing of the current, or to 
peripheral disposition of the white cells: mere slowing of the 
current is not followed by extravasation of the cellular elements 
of the blood. Increased activity of the neighbouring cells will not 
explain exudation, for white and red blood-cells will escape from 
the vessels into a tissue whose cells are already dead. Cohnheim 
has shown that if the circulation through a vessel is interrupted 
for a certain time (in frogs, from 36 to 60 hours), the vessel-wall 
undergoes such changes that, when the blood is again allowed 
to circulate, an exudation makea its appearance just as in 
inflammation. 

The alterations in the vessel which take place in inflammation 
cannot be histologically demonstrated. We infer them from the 
fact that the vessel-wall becomes more permeable. We must 
suppose that the elements composing the vessel-wall are in some 
way loosened: the cementing substance which unites the endo- 
thelial cells seems partially to give way. Arnold's researches 
make it likely that the cells transude chiefly at places where the 
intercellular cement is abundant. The slowing of the blood- 
current itself may probably be due to endothelial changes, in 
virtue of which the frictional adhesion between blood and vessel- 
wall is increased (Lister, Byneck, Cohnheim). 

It m£^ be accepted as an established fact that in inflammation the vessel- 
wall is affected (Samuel, Virch, Arch, voL 43, and Cohnheim, loc. cit,). But 
it is stiU questioned by some whether the affection is of the nature of a chemical 
alteration, or a mere widening of pre-existing intercellular apertures. Arnold, 
who has worked much at the suoject, formerly thoi^ht tnat small openings 
{stigmata) normally existed between the endothelial cells, and that these 
enlarged in inflanmiation into wider stomcUa, He based this theory mainly 
upon injection-experiments, which seemed to show that the vessel-wall was 
permeable, even to blood- cells. Cohnheim all along opposed the theory, and 
Arnold has now given it up. At the spots where stigmata were said to be 
we find nothing but little masses of cementing substance. Cohnheim argued 
against the existence of openings, from the feJSt that the exudation has not the 
same composition as liquor sanguinis. The fact that inflammatory exudation 
is richer m albumen and in cells, and so coagulates more readily, than the 
liquid which transudes in simple engoigement, speaks for a change in the 
permeability of the vessel-walL "Hiis has indeed been demonstrated by 
mjection-experiments HViniwarter, Wien. aoad. Sitzungsber. Lvm ; Arnold, 
loc. cit.). CfoHNHEDf, like Herino ( Wien. acad. Sitzungsber, Lvn), r^aids the 
escape of the elements of the blood as due to a process of filtration. Me thinks 
the altered quantity and quality of the transudation (in inflammation as com- 
pared with health) are referaUe simply to an alteration of the vessel-wall, 
that is to say, to an alteration of the filter. Thoma maintains ( Virch, Arch. 
voL 74), on the strength of certain experiments, that the white blood-cells 
never escape from, the vessels unless they retain the power of independent 
movement. He would thus regard their migration as in some degree due 
to an active effort on their part When the white blood-cells are deprived of 
the power of movement by irrigating the mesentery with 1*5 per cent, salt- 
solution, the migration at once ceases. 

On the catises of the slowing and stasis of the blood-current see Lister, 
PhU, Trans. 1858 ; Rtneck, Bret's Untersuch. Qraz 1870 ; Cohnheim, Op. cit. 
1873 ; Qlax and Elemensiewicz, WieTL acacL SvUsungtber. lxxziy. 
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The UKo^ased temperature of an inflamed surface is due merely to the 
increased circulation of blood through the part ; the loss of heat not keeping 
pace with the gain. Cohnheim foimd by experiment that, in the same 
time, nearly twice as much blood flowed through the inflamed paw of a 
dog as through the non-Inflamed one. This is quite enough to account for 
the rise of temperature. 

98. The causes of the alteration in the vessels are thus the 
causes of the inflammation. In other words, the alteration in 
the vessels is the direct or indirect consequence of the injury 
which excited the inflammation. Or still more accurately — any 
injurious agency which is capable of altering the blood-vessels in 
a particular way is capable of producing inflammation. It is clear 
then that the number of agencies capable of exciting inflammation 
is indefinitely c;reat: they are beyond enumeration or separate 
discussion. All we can say is that mechanical, thermal, and 
chemical agencies (and especially the latter) may act so as to 
alter the vessels and produce inflammation. 

The exciting cause of inflammation may operate in one of 
three ways. It is in the first place conceivable that the injurious 
agent (noxa) may primarily attack the vessels. This will be tne case 
wnen it is brought to them in the blood itself. The surroimding 
tissue suffers only by a secondary effect. In the next place, there 
are cases in which the exciting injury affects both tissue and 
vessels at the same time. In a titdrd instance, the tissue alone is 
injured: the alteration in the vessel-wall is secondary to alterations 
in the surrounding tissue. Of course these cases are not always 
completely independent. In the same case textural lesions and vas- 
cular lesions may intercombine in various ways at different times. 

To produce inflammation an injury must be of a certain 
severity, and yet must not be too severe. Thus a slight wound of 
the corneal epithelium does not excite inflammation : the defect is 
simply filled up by rec^enerative proliferation. On the other hand, a 
powerful caustic applied to the skin produces at the cauterised 
spot not inflammation, but necrosis. Inflammation is indeed 
excited; but only in parts beyond the cauterised region. In 
these the caustic has not acted fiiUy, so as to kill the vessels : 
it has merely altered or damaged them by chemical action. This 
example shows that there are no noxae which can be described 
specifically as exciters of inflammation. Between the injury which 
is too slight to affect the vessels, and that which affects them too 
severely or kills them outright, there is an endless number of 
intermediate degrees. 

The repair of the damaged vessel-wall is brought about 
by the vis medicatrix of the blood itself. If, when the injurious 
influence has ceased, the blood brings to the injured vessel the 
materials required for restoring it to its normal state, a restitutio 
ad integrum is effected. The inflammatory disturbance of the 
circulation thereupon comes to an end, and with it the exudation ; 
and the process of healing is begun. 
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99. The textoral changes. Inflammatory change in ihe 
vessels must of necessity be associated with tissue-change, antece- 
dent, concomitant, or subsequent. An injuiy from without which 
excites change in the vessel must always in tne first instance affect 
a certain number of tissue-cells. By what is said in Arts. 78 — 80 
we see that all such an injury can do is to set up disorganising 
and degenerative changes in tne cells. If the injury be slight, the 
cells may recover: if it be graver, a certain number of them 
will perish. Multiplication is never induced by excitation of the 
cells firom without. 

When the injurious agent affects the vessels primarily, being 
brought to them by the blood, there are two events possible. If 
the noxa be very powerful, it will attack (or even kill) not only 
the vessel-wall, but the surrounding tissue also. If it is of trifling 
intensity, and its operation is thus confined to the vessel-wall, the 
surrounding tissue escapes in the first instance. It will be affected 
secondarily only when the injury to the vessel-wall is great enough 
to lead to inflammatory disturbance of the circulation, and so to 
disordered nutrition of the tissue. 

Experiment and post-mortem observation have alike shown 
that in severe inflammation a certain number of cells invariably 
perish. The so-called 'inflammatory stimulus' does not induce 
multiplication, but only degeneration and death, in the cells of 
the tissue. The slighter the inflammatory stimulus the less is 
the injury to the tissue. The degenerative and destructive effects 
of the exciting injury are least in tne mildest forms of inflammation. 

Ck)HNHEiM's discovery of the migration of white blood-cells suggested a 
possible source of the extraneous cells found in all inflamed tissues, and in 
particular a possible 8om*ce of pus. But the question has often been raised 
whether all these extraneous ceUs (round-cells or leucocytes) are derived from 
the blood. Before the discovery of migration, it was assumed that these 
leucocytes were the product of the multiplication of tissue-cells, excited to 
proliferate by the ' inflammatory stimulus.' But it was quickly seen that there 
were well-founded objections to this hvpothesis. Cohnheim himself {Virch. 
ArcK voL 40) had shown, and that before he made his discovery, that it was unpos- 
sible to suppose that all pus-corpuscles arose from fixed cells : and that even the 
migratory connective-tissue cells of YoN Recklinghausen were inadequate 
to produce the enormous multitudes of cells found in pus. Numerous 
investigations made since then have shown that pus-corpuscles are derived 
solely m)m the blood, and that cells of the lymphoid type (such as pus- 
corpuscles) are never produced from fixed tissue-cells (Cohnheim, NevA Unters. 
ub. d, EfUmnd. Berhn 1873, Virch. Arch, voL 61 ; Key and Wallis, Virck, 
Arch. voL 55 ; Eberth, Unters. a. d. path, Inst, in Zurich Parts 2 and 3). As 
has been stated in the text, the tissue-cells either show signs of degeneration 
or perish outright, and in this condition mingle with the exudations. 

This doctrine has not been without its opponents. Among the chief are 
BdTTCHEB ( Virch, Arch, vols 58, 62) and Stricker^ with some of his pupils 
(Studien aua d. Inst, fur exper. Path, in Wien 1870 ; various essays m the 
Wien. med. Jahrb, 1871—1880 ; Varies. Ub, aUg. Path. Vienna 1877—1879 ; 
Intemai. Encydop, of Surgery vol. i). Bottgher's objections have been 
completely answered oy the painstaking experiments of the observers above 
citeo. Stbickbr's obs^ations are adimrably described by Burdon Sander- 
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SON in Holme^t System of Surgery vol. 5. Recent researches have not 
tended to confirm the results on which Stbigker's ohiections are hased. 
Experimental researches on the origin of pus-corpuscles have generally 
been made on the cornea : as this has no blood-vessels it offers a favourable 
opportunity for discerning the parts played by the blood and by the tissue- 
' cells respectively. 

100. The forms of necrosis and degeneration which may 
accompany inflammation are very various: they vary with the 
nature of the exciting cause, and with the intensity of the 
inflammation; with the character and extent of the vascular 
disturbance, and with the nature of the tissue. Any one of 
the forms of degeneration enumerated in Arts. 32 — 71 may 
occur. There is no rule determining in what cases any particular 
form shall appear. It deserves however to be specially mentioned, 
that a very common issue is the disintegration, solution, and 
liquefiu^ion of the entire tissue — of its cells as well as its basis- 
substance. This is the case, for example, in all suppurations, 
to a greater or less extent. Another common occurrence is the 
coagulation of the exuded liquid, and also of the disorganised 
or necrosed tissue-cells. Fatty degeneration is not infrequently 
a secondary result of the vascular disturbance. 

101. Varieties of IiiflammatioiL Inflammation is a process 
which may affect any tissue possessing vessels, or in connexion with 
vessels. In other words, it may affect any tissue in the body, except 
a few epidermoid structures. Its seat may vary greatly. It may he 
within the parenchyma of an organ, or be con&ied to its surface : 
that is to say, we may have parenchymatoiu inflammation, or 
saperflcial inflammation. The former affects the interior parts of 
solid organs, like the glands, muscles, or brain. The latter form 
occurs on the exterior of the body, in mucous membranes, and in 
the linin? membranes of the great serous cavities. In the former 
the exuaed liquid saturates the tissues, and is spoken of as an 
iiiflltration. In the latter it is deposited on the sur£ace, and is 
spoken of as an efiliBion, or an exudation in a narrowed sense of the 
term. Parenchymatous inflammations are still further subdivided. 
Glands, muscles, and nerves possess a fibrous framework in addition 
to their specific elements. Inflammation of the former must be 
distinguished from that of the latter : we have thus interstitial 
inflammation, as distinguished from parenchymatous inflammation 
in a narrowed sense of the latter term. There is really no essen- 
tial difference between the two. The only value of the distinction 
is — that it allows us to indicate briefly the seat of inflammation in 
certain organs, whose fibrous framework is well defined from the 
specific parenchyma. Thus interstitial inflammation of the liver 
implies ^at the chief inflammatory changes are to be found in the 
periportal fibrous tissue, the liver-cells bemg relatively less affected. 
If it is mainly the lobules which are affected, the inflammation is 
described as parench3nnatous. Mistakes are often made by referring 
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simple degenerative changes in the liver-cells to parenchymatous 
inflammation. 

In speaking of the parenchymatous inflammation of a particu- 
lar organ, it is customary to make use of a term compounded of the 
Latin or Greek name of the organ and the affix -ltl8. Thus 
hepatitis, nephritis, encephalitis, oophoritis, refer respectively to 
the liver, kidney, brain, and ovary. In some cases old specific 
names are used instead, as pneumonia (for pulmonitis), an inflam- 
mation of the substance of the lung. 

Histologists often indicate that an organ has undergone inflam- 
mation by sa}dng merely that it is infiltrated with small cells or 
leucocytes. This accumulation of cells is in reality the feature by 
which the fact of antecedent inflammation is most readily recog- 
nised. 

102. The histological characters of inflammation depend on 
the one hand upon the nature of the exudation, on the other hand 
upon the changes in the tissue. Both factors have been utilised 
in classifying tne forms of inflammation, according as one or the 
other happens to be the more prominent. 

With respect to vaileties in the nature of the exudation, 
the following types are distinguished. 

(1) Serous and flbrino-serous exudation. When the in- 
flammatory alteration in the vessels is not very marked, the exuded 
fluid may be relatively poor in cells, and in its constitution may 
resemble the transudation fix)m vessels that are merely engorged. 
It is however distinguishable fix)m the latter by its greater per- 
centage of albumen and of white blood-cells, and by its greater 
coagulability. Where it collects in quantity, therefore, it looks 
more or less turbid, and contains flakes and threads of coa£^lated 
fibrin. Collections of this fluid in serous cavities are described as 
fibrino-serous effusions. When it infiltrates the parenchyma of an 
inflamed solid orran, it gives rise to Inflammatoxy oedema. 
When it is effused on the surfsice of the skin or of a mucous mem- 
brane, it is spoken of as serous catarrh. 

(2) Fibrinous or croupous exudation. When the exudation 
contains fibrinogenic and fibrinoplastic elements in abundance, it 
undergoes coagulation throughout. As explained in Art. 35, the 
fibrinogenic substance is contained in the exuded liquid, the 
blood-cells yielding the fibrinoplastin. The presence of a certain 
percentage of leucocytes in the exudation &vours coagulation. 
The term fibrinous exudation is especially applied to effusions into 
the various body-cavities. The coagulated masses form toughish, 
yellowish white, adherent films or coverings over the affected 
organs. When tissues are infiltrated, or mucous membranes covered 
over, with the coagulated exudation, the term croupous is generally 
applied to it. 

The croupous fUse-membranes formed on mucous sur&oes 
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appear as yellowiah white deposits consisting chiefly of granular 
SDrmous trabeculae (Fig 23 c) and filaments interspersed with 
pus-corpuBcIes m varying amount 
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In other cases, the false membrane is chiefly made up of hyahne 
flakes and lumps (Fig. 24 b). 

(3) Pumlent or flbilno«pnnileat exudation. When the 
migration of white blood-cells from the vesseb is very extensive, 
and coagulation does not immediately ensue, the exudation as- 
sumes a whitish milky or creamy appearance. It consists simply 
of a liquid plasma and small leucocytes containing &om one to 
three nuclei, and is called ' matter ' or pus. It is commonly the 
consequence of bacterial infection. The bacteria seem to act so as 
to hinder coagulation. When the purulent liquid contains in 
addition white flakes of fibrin infiltrated with pus-cells, the exuda- 
tion is described as fibrino-purulent. It takes this form chiefly in 
inflammations of the serous membranes. When purulent infiltra- 
tion leads to liquefaction and dissolution of the tissues, so that a 
pus-containing cavity is formed, we have what is called an atMcew. 
If the loss of tissue is superficial, and a morbid surface is formed 
which secretes pus, we have an ulcer. Secretion of pus fix)m the 
skin, mucous membrane, or synovial membrane, constitutes puru- 
lent catarrh. An infiltration, partly purulent and partly serous, 
is described as purulent oedema. 

(4) Hoemorrhagic exudation. Blood may be mingled with 
serous, fibrinous, or purulent exudations, and is readily distmguished 
by its colouring them red. Such mixed exudations are called 
haemorrhagic. 

(5) Putrid exudation. When from the presence of septic 
bacteria the exudation undergoes putrefaction, it is described as 
foul, putrid, or sanious. 

M. 10 
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103. We may likewise distinguiah certain typea of inflamma- 
tion, according to the way in whicn the inflamed tisaue is affected. 

(1) DMqnBmatlTe catarrli. In this form of inflammation, 
which aflecta the skin and mucous membranes, the epithelial cells 
are shed in large numbers and mingle with the secretion. It is 
also described as epithelial catarrh. Mucous catarrh is a variety of 
this, distinguished by free mucus-secretion from the suimce 
epithelium, or mucous glands. 

(2) Neorotlo Inflammation. This term is applied to 
cases in which an inflamed tissue dies over an extent that is per- 
ceptible with the naked eye. The form of necrosis may vary : it 
may be simple necrosis, gangrene, mummification, caseation, or 
coagulation (Arts. 32 — 42). 

A special interest attaches to inflanmiatoiy coagulative necrosia 
or diphtheritic Inflammation (Art 38). In this form, the tissue 
which has been killed by the injury causing inflammation, or by 
the inflammation itself coagulates into lai^ flakes and reticulated 
masses. This happens for example m diphthentic inflammation 
of the uvula, where the ep thelium and mflltrated subepithelial 
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tissue are transformed into a coarse mesh-work interspersed with 
amorphous lumps and flakes (Fig. 24 b). The granulating tissue 
of a wound may in like manner become necrosed, and solidify into 
diphtheritic denucleated flaky masses. 

Necrotic inflammation is of course always grave. It implies 
severe injury to the tissue, as well as serious alteration in the 
vessel-walls. 



CHAPTER XXII. 

LATER STAGES OF INFLAMMATION. RECOVERY. 
REGENERATION. GRANULATION. CICATRISATION. 

104. Inflammation ceases to advance so soon as the blood 
circulating through the vessels restores their walls to a healthy 
state. When this happens recoyeiy at once begins. 

Afler a slight inflammation, i. e. one in which the vessel-walls 
are but slightly damaged, and the exudation trifling, the tissue 
affected may recover in a remarkably short time. So soon as 
the vessels perform their functions normally the exudation ceases 
to be formed; what is already effused forthwith undergoes re- 
absorption by the lymphatics or by the blood-vessels themselves. 
Simple serous exudations are those most readily absorbed, but cor- 
puscular elements in moderate amount present no great difficultv. 
If any of the constituent cells of the tissue have been injured in 
the course of the affection, they may now recover. Their normal 
nutrition becomes possible as the circulation re-adjusts itself. In a 
short time nothing remains to show that inflammation has existed. 
The affected part becomes perfectly normal again. 

If the inflammation has been more intense and the amount of 
exudation greater, and if in addition tissue-elements have been 
actually destroyed over a small extent, the process of recovery is 
somewhat different. When the circulation becomes normal the 
exudation is re-absorbed as before. Liquid and cells are alike 
taken up by the lymphatics and blood-vessels. Even coagulated 
exudations are gradually removed after undergoing liquefaction. 
The necrosed tissues, like the more solid masses of exudation, 
are ultimately disintegrated and liquefied, and then removed by 
absorption. If they lie on the surface they may be directly cast 
off (Arts. 112 — 116). If the loss of tissue be not too great, and 
the remaining parts are healthy and vigorous, regeneration or 
repair is effectea by multiplication of the tissue-cells. Epithelium 
produces epithelium, muscle-cells form fresh contractile substance, 

10—2 
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{)eriosteum generates new bone, &c. (Arts. 84 — 89). By and by the 
ost tissue is replaced by new tissue after its kind ]!t may some- 
times even happen that the amount of new tissue product is in 
excess of what is needed, and hyperplasia succeeds inflammation. 
This will happen when the excessive nutrition of the tissue, which 
usually follows upon inflammation, is kept up for a considerable 
time. 

The magnitude of the defect which can' be filled up in this way, 
and the fitness of the new tissue to replace the old, are matters 
depending on the regenerative power of the affected structures. 
As we know, this differs greatly in different tissues (Arts. 84—89). 
The lining epithelia are able to cover over large denudations of 
surface, and, as in catarrhal desquamation, may be reproduced 
again and again. But it would seem that brain-tissue has no 
power to form a single firesh ganglion-cell. 

For the efficient causes which call forth regenerative or hyper- 
plastic proliferation, we refer the reader to Arts. 78 — 82. Here 
we have only to remind him once more that it is not the agency 
or noxa which excited the inflammation which now excites the 
cells to multiply, by some kind of direct stimulus. Multiplication 
is completely independent of the original cause of the inflammation. 
It is simply the result of changes in the vital conditions or 
environment of the cells; and these changes are the result of 
the inflammatory process itself. 

105. If the inflammation continues for a time and is not too 
intense, and if the circulation is not too seriously interfered with, 
so that a good blood-supply is continuously kept up, we have all 
that is needed for the production of Inflammatory tissue. The 
cells which build up the new tissue are the migrated white blood- 
cells or leucocytes : the new tissue which they form is described as 
granulation-tiBSue and cicatricial tiBsue. The most important 
factor in this plastic process is the formation of new blood-vessels. 
These alone make it possible to keep the young formative tissue 
supplied with adequate nutriment. 

The factors which cause the inflammatory process to take on a 
formative or constructive character are not always the same. We 
must in general assume that some cause is acting which keeps up 
the morbid alteration in the vessel-walls, and so gives the inflam- 
mation in some degree a chronic character. In open wounds the 
inflammation is kept up by contact with the air, with the floating 
matters suspended in it, with the dressings, with the secretions fix>m 
the surface. This continues till the skm, growing over firom the 
margins of the wound, at length protects the vascular tissue from 
further irritation. In subcutaneous necroses following on acute 
exudative inflammation, the dead tissues or dead exudations are 
enough to maintain a certain irritation in their neighbourhood, 
especially as they undergo certain chemical changes before they 
are finally absorbed. In other cases, the original cause of injury 
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persists and continues to excite ever fresh inflammation: or a 
new injury may affect a part in which inflammation is declining or 
overpast, and kindle it afresh. Which of all these .possibihties 
apphes to a given case is often hard to determine. Very frequently 
several such factors are in action, either at the same time, or at 
different stages of the process. 

Plastic inflammation is, moreover, always associated with some 
form of degeneration. In parenchymatous organs, for instance, the 
growth of new fibrous tissue involves the atrophy or destruction 
of the proper and specific elements. Intrinsic sources of irritation 
of this kmd are thus seldom wanting, and they maintain the 
inflammatory process, even when the original exciting cause has 
ceased to act. 

106. The new tissue produced as a result of inflammation often 
fulfils the purpose of replacing tissue that has been lost. This 
application of the process is apparent in the healing of wounds. 
In an open skin-wound, for instance, there is formed first of all a 
delicate greyish-red vascular formative layer, the so-called granu- 
lating furfkce. This in a way unites the borders of the wound. 
After a time it becomes covered over with skin, and is 
transformed into fibrous tissue. The breach is thus filled up, the 
separated parts united, and a scar is formed. The icar or cicatrix 
is thus the result of an inflammatory plastic process. Scar-tissue 
is formed in other organs in the same way, and with the same result 
of replacing a loss of substance. 

In many cases, however, the production of new tissue by in- 
flammation does not serve so usefiil a puipose. It often takes the 
form of a useless or injurious hyperplasia. This happens, for 
example, when aftei' inflammation the corium of the skin thickens, 
or the papillae become enlarged ; or when the fibrous tissue of 
the kidney or the liver is morbidly increased, giving rise to dis- 
turbances in the nutrition of the organ. Even the formation of 
adhesions and adhesive membranes connecting the or^ns of the 
CTeat serous cavities is often accompanied Dy impairment and 
hindrance of their ftmctions. 

107. As we have just stated (Art. 105), inflammatoir tissues 
are developed from extravasated leucocjrtes, in cases wnere the 
circulation has not been very seriously interfered with. This 
last ensures that the exuded corpuscles are speedily irrijgated 
with a sufficient but not too abundant stream of plasma. These 
conditions are perfectly fulfilled in the aseptic healing of an 
oidinary wound 

If an open wound be observed twenty-four hours after it is 
inflicted, the bottom and edges will be found to be intensely red 
and somewhat swollen. The elements of the tissue are still quite 
distinguishable, though the tissue seems turgid, and here and there 
small necrosed shreds are visible. On the second day, the tissues 
have a more gelatinous appearance, the outlines of the tissue- 
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elements (cells and fibres) are blurred> and the colour is a greyish 
red. A reddish yellow liquid lies on the surface. After the second 
day little red nodules or granules begin to appear over the entire 
wound. These increase rapidly in size and number, and become at 
length confluent. After two or three days there is thus formed 
a continuous red granular layer — the granulating surface. It is 
covered with a more or less abundant secretion, which changes to 
a greyish gelatinous film, and afterwards becomes more yellowish 
and creamy in consistence. This film is composed of an albuminous 
coagulable exudation and numerous leucocytes, some of them with 
one nucleus, but most of them with two or three small rounded 
ones. These are piis-coipii«clei. They are not capable of 
further development, but are rather to be looked upon as cells in 
process of decay. The multiplication of the nuclei is evidence, 
not of subdivision, but of disintegration. 

The whole of the new tissue formed is derived irom this delicate 
red formative or embryonic tissue, the granulation-tissue. From 
this the cicatricial tissue is developed. 

It seems beyond doubt that the multiple nuclei of pus-cells (Fig. 25 o^) 
are simply the result of disintegration. Nothing has been observed to indicate 
that the division of the nucleus is followed by a division of the cell, and 
nothing is known of their further development. Besides, it is noted that the 
combined size of the multiple nuclei is not greater than that of the single 
nucleus. This shows that the partial nuclei have not the power, like true 
daughter-nuclei, of growing by assimilation of substance from the protoplasm 
of the cell (Kuss, De la vascularity et de Vir^mmation Paris 1846; Paget, 
8urg. Path. Lect. 10). 

108. The naked-eye appearances in the healing wound are 
referable, partly to the accumulation of white blood-cells, partly to 
dilatation and distention of the vessels, and partly to the formation 
of new vessels. This latter takes place by means of off-shoots firom 
the capillaries, as described in Art. 86. No other mode of vascu- 
larisation has been certainly made out. 

The development of granulations and cicatricial tissue takes 
place in the following way. 

The injury sets up inflammation, which leads to an infiltration 
of cells at the borders of the wound. Large numbers of migrated 
cells (with a certain quantity of fluid) are thus accumulated. 
Meanwhile parts of the existing tissue disintegrate by softening 
and liquefaction. A soft texture is in this way produced which is 
made up almos,t entirely of young round-cells, with very little 
intercellular substance. Some of these cells, chiefly those contain- 
ing several firagmentary nuclei (Fig. 25 a^), cease thereupon to live, 
and form true pus-corpuscles. They are either thrown off with the 
secretions fix)m the wound, or are absorbed, or dissolved in situ and 
utilised to feed the more vigorous living cells. On the other hand 
another set of (uninuclear) cells (a) begin to grow. Their protoplasm 
increases in amoimt and becomes more markedly granular (Fig. 25 
b). At the same time the cloudy finely-granular rounded nucleus 
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becomes clearer, oval, and vesicular (fr). The nuclear juice and 
nuclear substance become distinct, so that it becomes possible to 
^- 1 clearly a nuclear membrane, nucleoli, and nuclear granules 
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and filaments. This differentiation of the elements of the nucleus 
gives the cell an altogether different aspect and habit. It resembles 
an epithelial cell, or as it is phrased — it becomes epithelioid. 

The transformation of leucocytes into epithelioid cells is accom- 
panied by cohesion of the protoplasm of separate cells. A growing 
cell may appropriate the substance of others which are decaying ; . 
or two equal cells may coalesce to form a single one. 

The epithelioid cells are the formative cells of the granulation- 
tissue : they alone have the power of producing new connective 
tissue. They are best described as flbroblasti. They are usually 
uninuclear, and their numbers increase partly by successive trans- 
formations of round-cells, partly by subdivision. Very probably 
the division of their nuclei is of the Karyokinetic type. If the pro- 
toplasm does not subdivide for some time after tne nucleus has 
divided, binuclear (c) cells are formed ; and even in some instances 
large multinuclear cells, the so-called glant>oeUi (c,). In healthy 
granulations giant-cells are produced but sparingly. 

ZmoLBR has endeavoured b> prove eiperimeotallj that the minted 
white blood-cells are capable of further development, and are the primary 
■owce of oioatricial tissue {Exper. Unttrmeh. w. d. Htrhmfi d. Tvherkddt- 
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metUe Wurzburg 1875, and UnterMtch, ub. path. BimdeaewebB- und GeJUuneu^ 
hUdung WUrzburg 1876). He made a small disc-shaped chamber by fi&siening 
together two thin cover-glasses a slight distance apart. This was inserted 
under the skin of a dog and left for a certain len^h of time. When it was 
removed its contents could be examined microscopically. The thin interspace 
was found to be filled with cells, which either perished and broke up or under- 
went further development. In a single layer of cells obtained in this way, 
there were always some undergoing progressive chance, and they could be 
observed with great ease. Thus not merely at the borders, but over the 
whole field, cells were found in all stages of development from the lymphoid 
to the epithelioid and giant-cell type. The actual formation of tissue firom 
them could be followed. When large cells are formed, a certain number of 
the round-cells in their neighbourhood disappear. It is as if their protoplasm 
were appropriated by the mrger growing cell. This is less surprising, as we 
know that migratory cells frequently pick up molecular matters (such as 
cinnabar) which they find in their way. The only difference is that the pro- 
toplasm is assimilated and utilised for growth ; the cinnabar of course is not. 

The various stages of nucleus-division cannot as ^et be described in detail : 
onlv some of them have been observed. So far as is knowii, they correspond 
witn the scheme of Arts. 74 and 75. Now and then a radial arrangement of 
the granules of the protoplasm is observed near the poles of the nucleus. 

Zieoler'b results have been called in question by various observers 
(EwETZKT, Weiss, Bottcher, Baumgarten, and others). These observeiB 
maintain that the migrated cells have no power of further development, and 
attribute the formation of new tissue to the mul^lication of the fixed tissue- 
cells, especially in the case of the epithelia. Their experimental metiiodB 
have been so different from Ziegler'b, and their criticisms rest so much more 
on their own special theories of inflammation than on the facts adduced, that 
it is difficult to find a common basis for the discussion of them. Those who 
have used similar methods have in the main arrived at similar results. 
Senftleben ( Virck, Arch. vols. 72 and 77) introduced fragments of dead lung 
or artery- wall into the peritoneal cavity of an animal. Tillmanns ( Virck. Arch, 
vol. 78) used bits of haidened organs with artificial cavities in them. Hamilton 
{Sponae-grafting^ Edin, Med, Joum, 1881) introduced bits of sponge. All of 
these nave found that the cells which migrate into the receptacles thus arti- 
ficially provided imdergo further development. Heidenhain had already 
discovered large cells in round bits of elder-pith, which he had inserted into the 
abdominal cavity of guinea-pigs ( Ueber d. Verfettun^ frernder KHrper in der 
Bawchh/Me Breslau 1872). Schede {Arch,f. klm. Chvr, xv), Auprecht (FtrcA. 
Arch. vol. 44), Bizzozero (Annali univern di medicina 1868), and others had 
already observed facts which were in favour of the notion that development 
does take place in migrated cells. 

109. The newly-formed fibroblasts are rounded cells (Fig. 25 b). 
They soon change their form however by sending out processes 
and becoming elongated. In this way cells are produced which are 
club-shaped, spindle-shaped, or branched (b) ; and these cohere and 
coalesce m various ways. Meantime the larger formative cells are 
multiplied till at length they outnumber the small round-cells. 
Here and there they become tightly packed together. This is 
especially noticed in the deeper layers of the £[ranulation-tissue. 
'Wnen tneir number has reached a certain pomt, fibrous tissue 
begins to be produced by the formation of a fibrillated intercellular 
substance. This latter arises in part directly fix)m the cell-proto- 
plasm, and in part fix)m a homogeneous ground-substance derived 
from the fibroblasts. In the first case, from the ends and lateral 
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borders of the formative cells (d) there grow out fine fibrillae, which 
unite with those of the neighbouring cells. The direction and 
extent of the fibrous strands thus produced are independent of the 
original form and disposition of the formative cells. The run of 
the fibres is generally ia the same direction for considerable 
lengths. When the fibrillae have reached a certain degree of 
definiteness and strength the process of fibrillation ceases, and the 
remaining cells with their nuclei remain as fixed connective-tissue 
cells (e). They lie along the surface of the fibrous bundles. The 
process is thus completed : granulation-tissue has become cicatri- 
cial tissue. 

The formation of new vessels starts as soon as the first forma- 
tive cells are developed. It proceeds rapidly, and even in a day or 
two multitudes of vascular loops are already produced. They bring 
the granulations the nutriment they need, and supply cells to fill 
the vacancies occasioned by absorption of the first leucocytes. The 
only part taken by the epithelioid cells ia vascularisation is — ^that 
they serve to strengthen the thin-walled new capillaries, by dis- 
posmg themselves along the outer surface of the vessels. It is 
possible that fibroblasts may now and then take part in the forma- 
tion of new vessels. This they may do by attaching themselves to 
the budding off-shoots, and thus assuming the form of buds them- 
selves. By excavation of their contents they are then converted 
into permeable channels. 

Giant-cells, when they are present, seem to play no special part 
in the transformation of the granulations. They form fibrous 
tissue in the same manner as the other fibroblasts. 

ZiEOLEB has observed the process of scar-formation from granulatiou-tissue, 
both in ordinaxy granulations and by the cover^glass method. The latter 
yields preparations which are better than an^ sections, inasmuch as all the 
cells and cell-structures remain tVi situ : there is no possibility of disintegration 
or distmrbfimce of the natural relations. Tillhann's (loc. cit.) observations 
agree with Ziegleb's. 

The assertion is often made (Billroth's Surgical Patholo^^ Riin)FLEiscH's 
Pathological Histoiogy) that granulation-tissue passes into spmdle-celled tissue. 
This is only partially the case. Spindle-cells are formed often enough, but the 
cells are just as often of many diverse shapes. 

The granidations, when they are first formed, are nourished by the plasma 
which escapes from the existing vessels. Thiersch has shown that the 
spaces in which this circulates among the granulations may be injected from 
the blood-vessels. This mode of nutrition is however inadequate for the 
complete formation of the embryonic tissue; new vessels are therefore 
required. 

ZtEGLER {loc. cit,) and Brodowski ( Virch, Arch. voL 63) have described a 
special relation of the giant-cells to the process of vascularisation, but this is 
no longer maintained. 

110. The constructive processes taldng place in the wound are 
completed when the cicatricial fibrous tissue is formed. The sub- 
sequent changes are limited to a certain amount of shrinking or 
contraction in the new tissue, and the suppression of some of the 
new blood-vessels. The scar, which from its vascularity is at first 
decidedly redder than its surroundings, begins to pale; and at 
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length becomes paler and whiter than its surroundings. A depres- 
sion frequently results from the shrinking of the cicatricial tissue. 
The smaller the wound the smaller and less marked is the scar. 

This form of healing, in which the wound is closed by means 
of its own granulations, is called healing by second intentton. 
Healing by first intention occurs when two wounded surfisu^es 
come into contact and grow together without the intervention of 
visible granulations. Li principle the process is the same as in the 
first case. An inflammatoiy infiltration is produced, and in this 
new vessels and new fibrous tissue are developed. The difference 
is merely quantitative. In skin- wounds, for example, the exudation 
and granulations are so insignificant in amount that they are 
imperceptible ; they are very quickly bridged and covered over by 
regenerative multiplication of the epidermal cells. 

The chrome inflammatory processes leading to fibrous hyper- 
plasia follow in general the same course as when new tissue is 
Deinff formed. In different organs however there are special 
peculiarities to be noted. They will be treated of in considering 
the special pathology of the several organs. 

111. While cicatricial tissue is forming in an organ by means 
of granulations, it usually happens that the fixed tissue-cells also 
begin to multiply by subdivision. The extent to which this multi- 
plication goes on, and the share it contributes to the final result, 
are by no means constant. But they are by no means negligible, 
especially in long-continued inflammations. Hence the different im- 
portance assigned to such cell-multiplication by different observers. 
Some ascribe all formation of new tissue to it, denying the existence 
of the inflammatoiy process above described. Others allow it small 
significance, or ignore it altogether. The truth is probably this — 
that accompanying the inflammatory constructive process, there is 
always some regenerative proliferation in the tissue, and that this 
is in inverse relation to the severity of the inflammation. Epithe- 
lium is a tissue which cannot be reproduced by means of granula- 
tions; it can be reproduced only by regenerative promeration. 
Other specially difi^rentiated tissues, such as muscles, nerves, 
bones, vessels, are in the same case. These, if replaced at all, must 
be replaced by regeneration starting in pre-existing homologous 
tissues. Cicatricial tissue pure and simple is therefore devoid of 
all such specialised structures, with the one exception of vessels. 

If we were to define granulation-tissue according to its apparent 
purpose we might say — that it is a structure fashioned out of the 
cellular material gathered by the blood from the system in general, 
and utilised to make good a defect which the fixed tissue-cells of 
the injured region are unable to repair. This final purpose, 
unfortunately for teleology, only appears in the process by which 
wounds are repaired. It is not apparent in the fibrous hyperplasias 
of glandular organs, or in the formation of adhesions ana tsiae 
membranes ; but the mechanism is the same. 



CHAPTER XXIII. 



IMPERFECT RE- ABSORPTION. FOREIGN SUBSTANCES. 

112. The re-abiorption of inflammatory exudations is not 
always so complete as we have hitherto assumed (Art. 104). 
Though it is true that in most cases even exudations containing 
numerous corpuscular elements are sooner or later absorbed, still 
there are limitations to this; or it may be that circumstances 
arise which directljr check or hinder the process. If re-absorption 
(or briefly resorption) does not ensue, further changes take place 
in the exudation, whether it be an effusion into a cavity or 
an infiltration of a tissue. The commonest result is condensation, 
depending on loss of water and caseation. In purulent effusions, for 
example, the pus-cells undergo fatty changes (Fig. 26 d, * Glugb's 
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corpuscles'). They then shrink and break up, so that presently all 
that is left is a mass of small irregular lumps (c and cX and granular 
detritus (d,). The wateiy parts of the exudation being more or 
less absorbed, these products of disintegration form a creamy or 
cheesy pulp. Fibrinous effusions may also be transformed into a 
mass of cheesy detritus. These not infrequently become calcified 
as time goes on. 
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Condensed effusions of this kind may long resist resorption. It 
often happens that they cannot be removea in this way at all. 
Infiltrated tissues which have necrosed may in like manner resist 
resorption, and so persist for an indefinite time. Dead bone and 
fascia especially, which are hard to liquefy or disintegrate, may 
long be retained. But softer tissues may likewise become incapable 
of resoiption, when necrosis has resulted in their caseation or 
mummification. 

113. Tissues which have been killed by the original injury 
or by the subsequent inflammation, and inflammatory exudations, 
are no longer parts of the organism. They are foreign substancei, 
and they act as such. In other words, they set up and maintain 
inflammation in their neighbourhood. They act like foreign bodies 
thrust forcibly into the tissues firom without. Necroses other than 
inflammatory, such as those resulting fix)m ischaemia, and haemor- 
rhagic effusions or extravasated blood which has become necrosed, 
all act in the same way as foreign substances. To the tissue 
affected by them it matters nothing whether they once belonged to 
the organism or not. It is of more importance to consider the 
physico-chemical nature of the foreign substance. This it is which 
determines the intensity, the extent, the general character of the 
inflammation induced. 

The great importance of the inflammations excited by such 
dead or foreign substances makes it absolutely essential to have a 
clear conception of their nature. And we must in especial discover 
the characteristics of the inflammation set up when the foreign 
substances are of corpuscular size. Stated generally, we may put 
it — that in such a case we have in addition to the ordinaiy phe- 
nomena of inflammation other processes whose object is the 
removal of the foreign substance. The peculiarities of special 
cases depend on the physico-chemical nature of the substance. 

Foreign substances may be divided into two groups: — ^those 
which have but a slight effect or none in altering the surrounding 
tissue, and those which act destructively and excite violent inflam- 
mation. Among the first group are some substances easily absorbed, 
and others which are absorbed with difficulty. 

114. The easily-absorbed substances include liquids and small 
solid matters which have no intense chemical action on the 
surrounding tissue. Of this latter kind are, for example, cinnabar, 
which is rubbed into the skin in tatooing^ the dust of coal, lime, or 
iron, which is inhaled and passes firom the alveoli into the lung- 
tissue ; and lastly fatty and disintegrated exudations, softened and 
disintegrated tissues, and such like. 

The effects produced in the organism by smaJl corpuscular 
bodies of the above kinds are not serious. Perceptible inflamma- 
tory changes are brought about only when large quantities of them 
are present together : their effects are thus integrated as it were. 
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Most of the pulverulent or corpuscular nmtters referred to are 
removed from the tissue contaimng them by resorption. If they 
lie within a liquid exudation (as do fatty pus-cella or free oil- 
globules) they may be taken up along with it into the lymphatics, 
and so carried off. A large number of them would still however 
remain, if another means were not at hand for disposing of them. 
The additional resource is brought into play by the mild inflam- 
mation which the foreign substance excites. The agents are the 
white blood-cells which thereupon migrate from the blood-vessels. 

These migratory cells appropriate the foreign substances lying 
in the tissue (Fig. 27 h A, a, a^). They let their protoplasm flow 




Fio. 27. SHmos 



(On. 



a blood-vessel Blled with blood 

b timica media 

e adventitia with its iTrnph-shesth 

d Qualtraed Qeaioglia-oelle 

« tatty nenroglivoellH 

/ binndear aearoglia-oells 

g MileiaBed tiBsoe 



x200) ■ 
h roimd- cells 
ftj round-cells oontuning single 

oil-globulea 
A, &t-gTaniile oMTiera 
k^ pigment-gtsiinleaeU*, somsct 
bunine blood-oells 



round them, and so take them up into their interior. By frequent 
repetition of this process granule-carrying cells are produced. Ac- 
cording to their contents, these have been variously described as 
fot-granule carriers (h^, blood-cell carriers (AJ, pigment-granule 
cells (Fig. 28 c), dust-cells, cinnabar-cairying spherules, &c. In 
cerebral degenerations, we constantly find cells containing granules 
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and minute drops (Fig. 27 ^, A,) : these are migratory cells, which 
have taken up some of the products of disintegration of the brain- 
Bubstance. 

The carrier-cells ultimately reach the lymphatics. Thus in the 
brain they accumulate in the lymph-spaces surrounding the 
adventitia of the arteries (Fig. 27 c). Hence they are carried on by 
the lymph-current, and at length reach the lymphatic glands. Here 
they are retained for a time, and ultimately filtered away — at least 
in part In Fig. 28 is represented a lymphatic gland infiltrated 
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with pigment-carrying cells ; these were derived from an extensive 
haemorrhage which had undergone resorption. The pigment- 
carriers for the most part remain within the lymph sinuses : only a 
few have penetrated the follicles. The greater portion of the 
foreign substance absorbed usually remains in the lymphatic gland : 
but it may happen that a part niters through it and reaches the 
next gland, or ultimately the blood-vessels. A considerable quantity 
of corpuscular foreign matter can in this way be removed. Often 
however the resorption is inadequate, and a portion of the substance 
remains tn toco. 

Foreign substances may be deposited along the walla of the 
lymphatics as well as in the gluids. The granules inclosed in the 
earner-cells are set free as the cells decay. Hence it often happens 
that lymphatics, which have conveyed away quantities of pigmented 
substance, show traces of pigmentation all along their course. 
This happens likewise in the corresponding glands. The deposits 
may even excite the respective tissues to iDnammatory hyperplasia. 

The above process is, of cotirse, only carried out in its entirety 
when the foreign substances are insoluble and indestructible. 
Soluble and destructible matters like chalk, &t, myeline, are sooner 
or later dissolved or attacked ; the agency of the cells, of oxygen, 
or of non-organised ferments completes their destruction. 
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BeferoDoes: — ^Vibchow's Cellular Pathol^; Ponfick, Vtrch. Arch. voL 
48 ; RiKBFLEiBGH, Exper, ub. d, HUtol, des BhUe» 1863; Obth, Virch. Arch. 
▼oL 56 ; BizzozERO, Med, Jakrh, 1872. 

115. The process of resorption and the associated inflammation 
are somewhat different in character when the foreign substance 
forms a compact mass, offering more or less resistance to removal. 
Such are, for example, ligatures, drainage-tubes, ivory pegs, leaden 
pellets, necrosed bone, compact haemorrnagic patches, haematomata 
and in&rcts, thrombi, coagulated or condensed exudations, necrotic 
cheesy masses, &c. 

All of these excite in the surrounding tissue a certain amount 
of inflammation, though its intensity is very various. If the foreim 
body is quite insoluble in the juices, as ^lass is, and if the 
introduction of it is unaccompanied by any mjury to the tissues 
among which it lies {e,g, in tne abdominal cavity), then the effect 
may be almost nothing. Bodies which are soluble, and undergo 
chemical changes in the tissues, usually irritate them much more, 
and the inflammatoiy processes excited are generally intense. 
This is also true of bodies (like bullets) which produce laceration 
as they penetrate the tissue. 

The first stage is the formation of a zone of inflammatory 
infiltration around the foreign body. This is followed by the 
development of granulation-tissue, and at length of fibrous tissue. 
If the foreign body is not meanwhile absorbed, it thus becomes 
encapsuled. Only insoluble and compact bodies can remain quite 
unaltered, for resorption is as it were attempted, even though it be 
in vain. Bodies wiiich are at all assailable are suro sooner or later 
to undergo changes. These ensue as follows: — the migratory 
leucocytes, transformed into uninuclear or multinuclear formative 
cells, attach themselves to the surface of the object. If this be 
made up of smaller parts, or if particles of necrosed tissue be 
mingled with it (such as decomposed blood in haemorrhagic patches), 
these aro taken up by the cells and carried off in the manner set 
forth in Art. 114. If the body be compact and not to be broken 
up, the cells cling to its sur&ce. If there be accessible cavities or 
clefts in it, they penetrate into these. K the cells be insufficiently 
nourished, they become &tty and die. If new vessels are formed to 
supply them, they develope as granulations. Very often indeed 
multinuclear or giant-cells are found in such circumstances. 
A dead piece of bone inserted under the skin of an animal, and 
examined a few weeks after, will be found interpenetrated with 
vascular |;ranulations, and the trabeculae will be beset in many 
places with giant-cells. The whole process is very similar to 
that of physiological bone-resorption. By means of the clinging 
cells blood-clots, necrotic patches, inserted pieces of dead fiver 
or lung, ligaturos, &c. are absorbed amid the granulations. They 
are partly softened and dissolved, partly broken up and carried 
away. 
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This process is peculiarly modified when the foreign substance 
is firmly connected with the surrounding tissue ; when it is in £Etct 
a necrosed fi:'agment of the tissue itself^ such as bone or kidney. 
In this case the first step is the separation of the living tissue fix>m 
the dead At the common boundary of the two an inflammatoiy 
zone is formed^ which by the softening and resorption of the 
border-tissue leads to the loosening of dead from living. This zone 
is called the lone of demarcation: the loosen^ piece is a 
sequestrum. The sequestrum is by and by broken up and 
absorbed. If it lies on the siu*£Ekce it is thrown off as a slough : it 
leaves an ulcer behind it. 

A fiirther modification ensues when the foreign substance 
simply lies on the surface of an organ. This occurs, for example, 
in the fibrinous effusions which form on the surface of the pleura. 
The deposit is in this case invaded by granulations and cicatricial 
tissue from one side only. If it lies between two separate organs 
or lobes it may be invaded from both sides. 

Langhans {Virch, Arch, voL 49) was the first to describe minutely the 
processes by which the larger foreign bodies are absorbed. He pursued the 
subject experimentally by producing extravasations of blood in various animals. 
He thus discovered the giant-cells. Heidenhain (In. Diss. Breslau 1872) also 
found them in pieces of elder-pith, which he had inserted in the abdominal 
cavity of animals. Zieqler alwavs met with them* on the surface of his 
cover-glasses (Art. 108). By introducing bits of boiled bone into the abdomen 
of animals, he found that granulations always penetrated to the interior, and 
that large osteoclasts or resorption-cells (with one or many nuclei) were 
developed in contact with the bone. Senptleben ( Virch. Arch, voL 77) and 
TiLLMANKB ( Virch. Arch. voL 78) have gone further into the matter, and find 
that hardened aseptic animal tissues, such as bits of Hver, kidney, or lung, are 
partly absorbed and partly adhere and heal in. Fresh tissues are absorbed 
faster than hardened tissues. Hegar {£lin. Vortrdge No. 109) and Rosenber- 
GER {Langenhed^s Arch, xxv) have shown that absorption is most speedy in 
the case of tissues taken quite fresh from a living organ, and introduced into 
the body. The inflammatory reaction is very slight, and ends with the process 
of resorption. The resorption of bone has excited special attention. Kolliker 
(Die normale Resorption dee Knochengewebee Leipzig 1873) and Wegner ( Virch. 
Arch, voL 56) have studied it minutely. They as well as others have made 
out this process to be something quite peculiar. Ziegler ( Vird^ Arch, voL 
73) has sought to do away with the attempted isolation of the process, and to 
put bone-resorption on a level with other resorptions. He thinks it possible to 
view all processes of resorption from the same stand-point. In every case the 
process is carried out with the purpose of removing fr^m the organism a 
substance which is foreign and useless to it. Qiant-cells are very usually 
formed in such circumstances, and it is possible that they take up the soluble 
parts of a tissue when it undergoes liqueraction. But resorption is not confined 
to their agency : it goes on where they are absent. It remains a remarkable 
fact that they should so frequently l>e found on the stufeu^e of solid objects. 
It is perhaps conceivable that the contact of the cell with a foreign body 
hinders in some way the process of cell-division, without affecting the 
subdivision of the nucleus. 

It has lone been known that foreign bodies may 'heal into' a tissue. 
Details of the nistological process will be found in the memoirs quoted above. 
Hallwachs has lately published some observations on the subject {Langtn- 
beci^s Arch, xxiv). 
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116. Many foreign substances, and especially certain altered 
organic products, have a far more baneful effect on the surrounding 
tissues than any we have yet considered. Such, in a high degree, 
is dead tissue which from contamination with septic matters has 
passed into a state of putrid decomposition. 

In the course of tlus decomposition various chemical compounds 
are formed which act harmfully on the tissue (Art. 42), and set up 
in it progressive destructive changes, and violent haemorrharic 
or purulent inflammation. Under the action of the pus-cells, 
which form in great quantity, and of the septic ferments, the 
necrosed tissue becomes dissolved. If it is connected with living 
tissue, a suppurative zone of demarcation is formed and sets it free : 
the result is a cavity filled with pus — an absceBS. The process 
often continues, the infiltration and dissolution of tissue go on, 
and the abscess grows larger and larger. 

If decomposing matter from the abscess reach the blood-vessels 
or lymphatics, and is so conveyed to other regions, it may lead to 
putrid decomposition and purulent inflammation at the spots where 
it lodges. In this way metastatic abscesses are formed. 

If the inflamed region be near a free surface and at length 
breaks through it, we have a suppurating ulcer formed. 

Should death not result from this destructive suppuration or 
purulent necrosis, the injury done may be repaired by the 
formation of granulation-tissue at the Doundary of the living 
tissue and the dead. In the course of time the pus secreted may 
be absorbed, or solidified and encapsuled. 



11 



CHAPTER XXIV. 



THE INFECTIVE GRANULOMATA. 



Oeneral characters. 

117. The granulative formations we axe about to discuss are 
all distinguishea by similar characters. Their development usually 
stops short at the fibroblast stage, and having reached it (or even 
before that) the constructive process gives place to retrogressive 
changes. Cicatricial development being arrested, the granulation- 
tissue persists for a time unmodified, and often develojpes to a 
considerable amoimt. For this reason Virchow described the 
formations as granulative growths or granulomata. All of these 

Sowths have furthermore the clinical character of infectiveneBS. 
ence they have been termed infective growths by Klebs and 
COHNHEIM, and specific inflammations by KINDFLEISCH. 

Their infective character may be recognised by various signs. 
Thus they are all locally inyaaive; i.e, the granulation-tissue 
spreads centrifugally from a centre into the surrounding structures. 
At the same time the central (or oldest) part of the new formation 
usually dies and disintegrates. In many cases the lymphatic 
system becomes affected, so that secondary sranulative foci are 
fonned in it. From the lymphatics the process is at times 
transferred to the blood ; or it may invade the blood-vessels directly. 
The final result is the spread of the disorder to various organs, or 
throughout the system. 

In most of the granulomatous disorders we may have not merely 
a diffusion of the disease throughout the individual organism, but 
also a transference of it from one individual to another: the 
affection is inoculable. If one person be inoculated with the 
inflammatory products derived from another, he acquires a disease 
whose course is exactly similar to that of the original one, and 
which yields identical inflammatory products. This latter character 
of infectiveness is that by which it is most readily recognised. 
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To this group of infective granulomata belong the neoplastic 
formations found in tuberculosis, S3rphilis,leprosy,lupus, glanders, and 
actinomycosis. All these affections are due to the invasion of the 
body by a virus or poison derived from the outer world, or from the 
body of another individual. This virus may probably be produced 
by vegetable parasites. In leprosy (Armauer Hansen, Neisser), 
tuberculosis (Eoch), and syphilis (EIlebs) bacteria have been 
found, and in actinomycosis a special fringus. These are declared 
to be the originating causes of the respective diseases. Our ideas 
as to the nature and character of these affections are as yet mainly 
based upon their clinical course ; but we have also derived some- 
thing from inoculation-experiments. Tuberculosis and S3rphilis are 
thus known to be communicable from one person to another; 
tuberculosis is also communicable from man to lower animals. 

It was ViRCHOW who invented the tenn *granulative growth' or *granu- 
loma ' for theae formations, which he was the first to define accurately {Die 
krcmkhafien Oeschwulste ii). He set it down as characteristic of them — ^that 
they usuallj fail to develope bejond the stage of granulation-tissue ; that this 
is unstable in character ; and that the regular issue is in ulceration. He 
laid stress on their near alliance to the products of inflammatory processes. 
Klebs (Fraaer Viert^ahrsschr. voL 126) called such growths * infective nx)wths 
or tumours, and the name has been adopted by Cohnueim. Neither descrip- 
tion is exactly adequate. Yirchow's takes no account of their infective 
character : Klebs' beiu^ no reference to their stnicture. As it is by no means 
certain that there are no other new formations of infective origin, some apter 
designation seems called for. Even Rindfleisch's term 'specific inflamma- 
tion is too indefinite, for it might perfectly well apply to a number of other 
processes, such as those of pyaemia, erysipelas, variola, &c. In this book the 
term * infective granuloma' will be used : this serves to keep in view both 
the structure and the clinical character of the morbid formations in question. 

Tvberde and Tvhercvlosis. 

118. The structure characteristic of tuberculosis is the 
tubercle, or tuberculous nodule. The notion of tuberculosis is 
thus primarily an anatomical one — ^tuberculosis is a tubercular 
{%. e. nodular) disease. 

Of course it does not follow conversely — that every nodular 
growth found in the orranism implies tuberculosis: the special 
nodule of tuberculosis, the tubercle par excellence, is a structure 
of definite and special constitution. ViRCHOW (JDie krankhaften 
Geschwiilste ii, 636) describes a freshly-formed tubercle as — a 
small grey translucent nodule, not exceeding a millet-seed in size, 
mainly composed of cells, and developed from connective tissue. 
The cellular elements (he adds) are essentially similar to those of 
lymphatic glands : they are round cells of various sizes, some of 
them like white blood-cells, some largfer, some smaller. Their 
nuclei are homogeneous and bright, small and spherical or large and 
oval, vesicular, and transparent ; they contain nucleolar corpuscles. 
The larger cells often contain two nuclei, and frequently more — to 
the number of twelve or over. Between the cells are found fibrous 
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filaments arranged in a network, and sometimes vessels also. The 
latter are never new-formed : they existed before the tubercle was 
developed, and lie within the tubercle only because the tubercle 
has grown around them. The nodules occur either singly or in 
numbers; or they may be grouped in confluent masses. In the 
latter case, the intemodular tissue does not remain unchanged : it 
seems made up of imperfect granulation-tissue, or inflammatory 
flbrous hyperplasia takes place. The appearance is then rather 
that of a mass of compact uniformly diseased tissue, than of normal 
tissue containing nodular deposits. 

When the nodule becomes older, the centre of it is invariably 
found to be caseated. It is then yellowish-white and opaque. 
Under the microscope it appears as a granulax friable maas, ^Ue 
the periphery still shows its cellular constitution. The aggregations 
of cells may stretch out in various directions through the tissue, as 
if the nodule threw out pseudopodia. 

The nodular groups undergo caseation like the single nodules. 
The internodular granulation-tissue also becomes cheesy, so that at 
length large and continuous caseous patches are formed. It is 
much rarer to find the nodules undergoing fibrous transformation. 
Oaseatioii is characteristic of the later stages of the tuberculous 
nodule. 

The term tubercle {tnberctdum) was formerly applied to all varieties of nodu- 
lar growth. Baillib (1794) and Batle (1810) were the first to direct attention 
to the grey miliary nodules which we now call tubercles. Batle however 
applied the term to other growths in the lung. Laennec applied it mainly 
to the cheesy masses found in phthisical lungs. Larger caseous foci and 
caseous lobular infiltrations were also described as tuberculous. The caseous 
nodes and masses were simply 'tubercles/ the diffused infiltration was 
' tubercnlous inflltration,' the erey nodules (or true granulatiye tubercles) were 
< miliary tubercles.' Cheesy change was thus made the main characteristic of 
tuberculosis ; caseation was spoken of as ^ tuberculisation.' In opposition to 
this view, Yirchow maintained that caseous masses mi^ht arise in many 
different ways, and hence had very various significance in different cases. B!e 
laid it down that the anatomical basis of tuberculosis is the cellular tubercle 
(YiRCHOw, loc, cit,; Waldenburq, Die Tvbercviloae Berlin 1869 ; Qbancheb, 
U Union m^d, 1881). 

119. We may define a tubercle, then, as a non- vascular cellular 
nodule, which does not grow beyond a certain size, and at a certain 
stage of its development becomes caseous. This definition includes 
all that we can say, in general terms, of tubercle firom the 
histological point of view. The histological researches of the last 
fifteen years (by Langhans, Schuppel, Koster, Rindfleisch, 
CoHNHEiM, ZiEOLER, Elein, SANDERSON and others) have added* 
only this— that the tubercle possesses in many cases a special 
structure, and that certain cell-forms fi-equently occur in it and 
give it a characteristic appearance. The central part of the tubercle 
usually contains giant-cellfl (Fig. 29 a). These possess numerous 
nuclei, which are not uncommonly arranged round the periphery, or 
gathered together at one pole of the cell. The uninuclear cells 
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are partly lymphoid, partly larger and like swollen epithelial or 
endothelial cells— these are call^l epithelioid (Fig. 29 b). Oiant- 
cells and epithelioid cells are marked by their coarsely granular 
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protoplasm, and large vesicular oval nuclei with clear nuclear juice 
and nucleoU, The round or lymphoid cells (c) are finely granular, 
with a small round nucleus in which the nuclear juice and nuclear 
substance are not clearly distinguished. 

These cells he in a stroma which in many cases exhibits a 
reticular arrangement. 

120. The epithelioid cells and giant-cells have been thought 
by some to be characteristic of tuberculosis. Many writers have 
thus come to speak of specific tubercle-cells, and have based the 
diagnosis of tuberculosis merely on the presence of these larger 
varieties of cells. This is certainly unjustifiable. Such cells, 
indeed, are common enough in tuberculous affections, but they are 
by no means exclusively confined to them. 

All inflammatory tissue -formation is preceded by a stage in 
which large cells are developed. It is very easy to generate 
experimentally in such formations all the various elements found 
in tubercle, and especially the giant-ceils. The constituent cells of 
tuberele are precisely equivalent to the corresponding cells of 
granulation -tissue. All the evidence points to the conclusion that 
tubercles arise in the same way aa granulations. The chief materials 
are derived from the migrated white blood-cells ; and the endothelial 
cells and fixed connective-tissue cells supply only a minor part. 
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So far as the cell-forms are concerned, the only difference between 
tubercle and granulation is — ^that in tubercle the larger cells are 
ofken found in relatively greater numbers. 

The characteristic features of tubercle, therefore, do not lie in 
the forms of its cellular elements. As has been already said, the 
characteristic features are these, — that the cells form a definite 
nodule, which does not exceed a certain size, contains no new- 
formed vessels, and in consequence at a certain stage of its 
development ceases to progress ; that the nodule thereupon under- 
goes retrogressive changes, and becomes fatty, necrotic, and caseous. 

If this proposition be duly considered, it will be seen that the 
diagnosis of tubercle cannot be made to depend on anatomical 
structure and constitution alone. A cellular nodule made up of 
round-cells only without a single giant-cell, or a nodule whose 
general texture is fibrous, may perfectly well be characterised as a 
tubercle, if its life-history corresponds with what we have set down. 
As an actual fact, in perfectly typical cases of tuberculosis we may 
find such nodules close by others that contain giant-cells. We 
may explain the occurrence of the former, by supposing in the one 
case that the aggregated round-cells have prematurely ceased to 
develope or have not yet had time to reach their fiiU develop- 
ment ; in the other case the fibroblastic stage (that of epithelioid 
cells and giant-cells) has been exceptionally transcended, and that 
of fibrous-tissue formation has been reached. The physiological 
analogue of the last is of course the transformation of granulations 
into cicatricial tissue. 

According to the recent investigations of Koch (Art. 127) the definition of 
tubercle just given must be amended. By tubercle we are it seems in future 
to understand— a cellular nodule containing within it the specific tuberculous 
virus, the Bacillus taberculosis of Koch. 

The general doctrine of tuberculosis must be altered in many points in 
consequence of Koch's discovery. The text has been allowed to remain as 
representing the hitherto accepted doctrine, and as containing what is probably 
the truth, tnough not the whole truth, 

Langhans was the first to examine carefully the giant-cells (Vtrch. Arch. 
vol. 42) and to describe their forms. Schuppbl {Untergucli, iib. d. Lymph- 
drUsentubercuto9e Tubingen 1871) maintained that they were always present 
in tuberculosis, and based the diagnosis of the affection upon them. 
K6STER ( VircK Arch. voL 48), Buhl (Die LungeneiUzundung Munich 1872), 
and RiNDFLEisCH {Pathological Histology i, 136 and Ziemssen^s Cydapaedia 
voL v), have also insisted on their importaiice in diagnosia The latter has 
even declared that any large-celled infiltration of a tissue is to be r^anied as 
tuberculous or scrofulous in character. In opposition to this view Herinq 
{Strid, iiher Tuberculose Berlin 1873) has disputed the specific significance of 
giant-cells and epithelioid ceUs, and has demonstrated that they are often 
absent in undoubted tubercles. The second constituent of the tubercle, the 
fibrous reticulum, has been investigated by Schuppel (loc cit.\ Wagner (D<u 
tvherheUihrdiche Lymphadenom Leipzig 1871), Klein {Report of Med. Officer of 
Privy Council 1874). Cornil and Ranvier {Man. of Path. Histology voL L 
1882; maintain that the reticulum is produced joo«^ mortem by the action of 
hardening reagents on the intercellular substance. For further references to 
the history of the question the student may consult Treves {Scrofula and 
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Tvherde London 1888), Hamilton {Practitiimer 1879—1881), Klein {Practi- 
tioner 1881), BuKDOM Sahderbos {Practitioner 1882), Gee (Article Tubmvuloni, 
gtMtn't Diet, of Medicine 18B2). 

ZiEQLER (U^)«r die Herhmft dee Tvberkeldemenle WUrzburg 1876, and 
UAer path. Bindegmi!ebs7imhilAa,ng 1676) has sought to show that neither 
giant-cella nor epitheUoid cells are eiclusively confined to tubercle, but are 
to be found in all granulations. Between the latter and tubercle the onl; 
difference is — that in healthy granulations the multinuclear cells occur but 
aparinglj, while in tubercle thej are in great numbers and highly developed. 
In tubercle the formative material is abundantly provided and fibroblasts 
produced, but they are not utilised for further development into tibrous tissue. 

The giant-cells of granulation-tissue are to be distinguished from those 
which arise from epithelial cells. When tviberclea form in epithelial ducts, 
such as those of the hver or testis, the aSected epithehal oells seem to coalesce 
and form stniotures much reeembling the giant-cells of granulations (cf. Kleih, 
lymphatic Syttem part II Iiondon 187&). Thar have properly nothing to do 
with the formation of the granulomatous tuberde. They are acoidentJ^ conse- 
quences of the locality in which the tubercle is developed. To draw couclusiona 
m>m them {as do Gacle, Vireh. Arek. toL 49, and LObmow, Virch. Arck. voL 
75) with regard to the genesis of all tuberculous giant-cells is not permissible. 

121. DlAulon <^ta1iercle. When a tuberculous organ is 
examined we do not usually find the tubercles in their earlier 
stages; they have already imdeigone certMn advanced chai^Tos. 
Parendiymatous organs cout^un caseous nodulated patches or foci, 
which are either firm and compact in texture or are ahready 
soilened and broken down towards the centre. In surface-tissues, 
ulcerations are produced by this softening process, and their edges 
and base are caseous. The caseated tissue passes at its boundaries 




P:o. 80. FoMOATrao a 

[Baematoxylimtaining : x60) 
a medullary tiasne containing tat e grannlation- tisane 

b blood-vessels / tuberdei itt the grannlstion-tiBB 

e hone trabeonlae some containing giant^oella 

d otteoolaits (Art. 116) g isolated tnbenle 



168 INFLAMMATION AND MFLAMMATORT GROWTHS. [SECT. V. 

into a zone of grey or greyisli-red translucent tiasue, reminding one 
exactly of granulation-tissue. This grey or greyish-red tissue ia 
found in other parta of the affected organ in the form of larger or 
smaller patches : these often quite visibly contain small grey or 
yellowish- white and opaque noaules. 

LEistly, the affected organ also contains small grey nodules lying 
in apparently unaltered tissue ; and sometimes surrounded by a 
hjrperaemic zone, sometimes not. 

The grey or greyish-red translucent tissue, whether it surrounds 
the caseous focus, or forms the base of an ulcer (Fig. 31 h and A,), 
or occurs in isolated patches, is nothing else but tissue infiltrated 
with cells; it is granulation-tissue. The grey and the yellow 
nodules are fresh or 'crude' tubercles generally containing giant- 
cells {Fig. 30 /), and old already caseated tubercles (Fig. 31 »,), 
respectively. The grey and yellow isolated or aggregated nodules 
in the neighbourhood of the larger patches are of the same charac- 
ter (Fig. 30 g and F^. 31 » and t,). 
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From these observations we may gather — that tubercles some- 
times occur wgregated or grouped wiuiin a tissue which is already 
infiltrated with cells ; and that the affection spreads by the forma- 
tion of fresh nodules in the neighbourhood of the old. In other 
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cases granulation-tissue and fibrous tissue may develope between 
and around the aggregated tubercles. The process may thus begin 
with an eruption of tubercles, or with a more diffused inflammatory 
infiltration. These propositions practically include all that is 
important concerning the diffusion of tubercle in the tissues. 

It is not usually difficult to Tec(^;nise tubercles in the substance of tubercu- 
lous granulation-tissue. The giant-cells and epithelioid cells seen in micro- 
acopical sections do not take colour nearly so well as the small round-cells 
'which form the main component of the tissue. Three zones are usually 
distinguishable in a tubercle. In the centre lies the core of aggregated giani- 
oells of a dark or dull colovur. Then comes the zone of faintly-stained epithelioid 
cells, and finally at the periphery the zone of deeply-stained roimd-cells ; these 
last are usually deeper m tint than the granulation-cells around them. When 
the middle of the tubercle has already become caseous, giant-cells are generally 
to be made out here and there over it. 

It is not always correct to say that tuberculous patches take their rise 
firom single nodules. The formation of nodules may be preceded by a difiused 
infiltration, or even the deyelopment of granulation-tissue ; the nodules only 
making their appearance as secondary growths. 

122. The eruption of firesh tubercles in the neighbourhood of 
an existing tuberculous focus is usually followed sooner or later by 
the appearance of nodules in the lymphatic system. The nearest 
lymphatics are of course the first to be affected : they receive their 
lymph from the region primarily affected. Thus in tuberculous 
ulceration of the mucous and submucous coats of the intestine, first 
the lymphatics of the muscular coats (Fig. SI cd) are infected, and 
then those of the serous coat. In this way strings of tubercles 
may be formed along the course of the vessels. 

From the nearer lymphatics the eruption may pass in succession 
to others, and at length approach the thoracic duct. More fre- 
quently the affection is not uniformly difiused in this way, but 
attacks certain parts of the lymphatic system rather than others, 
especially those through which the lymph is as it were filtered, 
namely the lymphatic glands. 

It is in the glands that the tuberculous eruption is most intense. 
Oenerally the process makes a kind of halt at these gland-stations : 
but it sooner or later finds opportunity to spread onwards, and at 
length reaches the main trunks and the thoracic duct itself. 

Wherever the tuberculous process has become established, it is 
distinguished by the development of tubercles, and this in the 
lymphatic vessels as well as the glands (Fig. 32). 

A more or less intense inflammation of the surrounding tissue 
is always associated with the tubercular eruption : it is manifested 
by hyperaemia with infiltration and swelling. If the process last 
for a certain time, it not infrequently happens that young connective 
tissue is developed at the seat of tne eruption. The usual fate of 
the tuberculous growth is caseous necrosis and disintegration. It 
rarely issues in the formation of fibrous tissue, and still more rarely 
in coikiplete resorption of the tubercle. 
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123. The virus which eneenders tubercle may be carried out 
of the lymphatic system into the blood, either from a tuberculous 
focus in a gland or a tuberculous ulcer in the thoracic duct. It 
may thus be conveyed to distant organs. This will also happen 
when the virus rasses directly from a tuberculous focus into an 
artery or vein. The result is an eruption of new tubercles either 
local or general. 

When the infection of the blood results in a general eruption of 
tubercles throughout all the organs or in most of them, the Section 
is called acute miliary tuberculoili. The various organs are 
beset more or less densely with minute (miliaiy) grey or tnmslucent 
nodules, or here and there with yellowish-white opaque nodules 
with cheesy centres. This is the case whether the imection extend 
to several organs or to one, or even to a single arterial territory 
within an organ. 

All these nodules are made up of cells. In their earliest stages 
they are nothing but little heaps of small round-cells (Fig. 33 b), 
unquestionably derived from the blood. Many foci maintain this 
character until they are mature : all the cells do is to multiply. In 
other cases giant-cells and epithelioid cells (Fig. 32 a) are developed. 
In these cases as in the others the nodule ultimately becomes 
caseous. Very seldom does fibrous transformation or resorption 
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DiEFiised and wide-spread indammatory disturbance of the 
circulation is very often associated with the eruption of the nodules. 
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This is especially the case in the pia mater, the serous membranes, 
and in the lungs, where the process is often accompanied by copious 
and diffuse exudation. In the liver, kidney, thyroid gland, &c. on 
the other hand, the changes elsewhere t^an in the immediate 
neighbourhood of the nodules are usually but slight. 

ZiBOLBR has iiiTestigat«d the development of miliat^ tubercles occurring in 
vety diverse structureH, and maintainfl tnat their baaia ib alwaj^ a collection of 
white blood-cells which have migrated from the veiDS and capillaries. These 
indeed often form the entire mass of the tubercle. In other coses the endo- 
thelia contribute something. When the nodule has reached a certain size it 
becomes difficult to make out oertainij the behaviour of the fixed cells of the 
tiasuee. He baa not been able to confirm the oft«n-made aaaertion that 
miliaiy tubercle is spedallj apt to develope round the smaller arteriea. 

The direct penetration of the tuberculous virus into the blood-veasela may 
bo the result of tubereuloua change in their walls. If a considerable number 
of sections of phthisical lung be examined, there will here and there be found 
vesaeta whose walls are the seat of tubercles. If these penetrate the intima, 
they may then break into the blood-cbannel directly. Weiqert has shown 
that large venous trunks may be invaded in this way. 

There are two reasons for the &ct that all organs ara not simultaneously 
and equally attacked when the blood is infected with the tuberculous virus. 
One is that the virus, though it is circulating in the blood, may not reach 
all the organs alike. The other is that all the organs are not equally pre- 
disposed to infection. The akin, for instance, seems to eitjoy almost perfect 
immunity* 

Qeneral miliary tuberculosis is not an inevitable result of tuberculosis 
occurring in an orean. The rule rather is that the tuberculous process does 
not extend beyond the boundaries of tiie organ primarily affected, and the 
lymphatic glands pertaining to it. What most commonly leads to general 
infection of the blood is the disintegration of caseous tuberculous glands. 
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124. Tubercle may be disseminated in other ways, and indepen- 
dently of the lymphatics and blood-vessels. Consider, for example, 
the mode in which it spreads on the surface of mucous membranes. 
It is easy to verify that solitary nodules, as well as tuberculous 
patches and ulcers of larger size developed in mucous membrane, 
do not long remain isolated, but soon give rise to new foci These 
are situated not merely in the immediate neighbourhood of the 
first, but often at a considerable distance from them^ They may 
even appear unconnected with the first lesions ; while it is certain 
that they are not at least in every case propagated through the 
lymphatics. In puhnonaiy tuberculosis, for instance, which has 
already passed into the ulcerative stage, it is not at all uncommon 
for the mucous membrane of the air-tubes to become affected. 
This is especially apt to occur in the larynx, epiglottis, and at times 
in the pharynx: and the affection often extends to the lower 
segments of the large and small intestines. When the kidneys 
become tuberculous, and contain caseous ulcerations, the ureters, 
bladder, seminal vesicles, and prostate may become consecutively 
diseased. In other cases the process commences in the latter 
organs and extends upwards. 

From such instances it becomes plain that the infective virus 
may actually be transported along the surfieLce of the mucous 
membrane. It attacks the spots at which it is allowed to linger, 
and penetrates the mucous tissue. It there sets up the specific 
inflammation manifested by the development of nodules, which 
disintegrate and produce ulcerations. 

Tubercle is in like manner disseminated on the sui&ce of the 
serous membranes lining the great body-cavities. In their case it 
is obvious that the transport of the virus is favoured by the normal 
movements and displacements of the contained organs. 

It must be remembered, in counexion with this question, that all muoous 
membranes are not equallv susceptible with regard to the tuberculous virua. 
The mucous membrane of the mouth, pharynx, and oesophagus is far less 
susceptible than that of the larynx and trachea. The stomach, duodenum, 
and bile-ducts, as also the urethra, are very rarely attacked. This is explicable 
now that we know that the virus is a special micro-organism (Art. 127) : for the 
secretions of the stomach, duodenum, and common bile-duct are prejudicial to the 
development of bacteria. The oesophagus and urethra have this advantage — 
that they are continually being swept clean, as it were. In the small and in the 
lar^ intestine, where the process of al»orption goes on most actively, the ingesta 
and with them any tuoerculous sputa which may happen to have been 
swallowed, may lie a long time in contact with the mucous membrane. In the 
neighbourhood of the larynx, the bronchial secretion continually accumulates 
before it is coughed out, and the virus has thus abundant opportunity of 
attacking its mucous membrane. The bladder, in like manner, contains the 
accumulating secretion of the kidneys, while the urethra is only 'flushed' 
with it from time to time. In addition to these factors, however, we must not 
leave out of account the possibility of special predisposition in the various 
structures and tissues. 

125. The clinical significance of tubercle. The processes 
just described (Arts'. 118 — 124) are comprehended under the term 
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tuberculosis. Tuberculosis, so defined, is distinguished by two 
chief characters. The one is anatomical, namelv the development 
of specific nodules: the other is clinical, namely the consecutive 
invasion of one or more parts of an organ or of the entire system. 

As a disease, tuberculosis is distinguished by its progressively 
destructive tendency. It not only destroys gradually the organ 
fiirst attacked, but it seizes by various routes upon other organs, or 
spreads throughout the organism. 

In addition to this climcal characteristic of progressive invasion, 
we have the anatomical characteristic — the tubercle. Tuberculosis 
is anatomically an inflammatory process; but its course does not 
correspond with that of other inflammations. It is sharply dis- 
tinguished firom them by the development of nodules both in its 
original seat and in the parts that are secondarily attacked : and 
these nodules have a definite type and structure — ^they are cellular 
and non-vascular. 

There is still another characteristic, but we owe our knowledge 
of it not so much to observation at the bed-side or at the post- 
mortem table, as to direct experiment. Villemin and Ej.ebs 
were the first to show — what many investigators (such as Walden- 

BTJRG, COHNHEIM, OrTH, BoLLINGER, SiMON, WiLSON FoX, KlEIN, 

and BuRDON Sanderson) have since verified — that tuberculosis is 
transmissible to animals. In other words, when animals are in- 
oculated with matter irom fresh or caseous tuberculous foci, they 
are forthwith attacked by a disease which, judging from its clinical 
course and anatomical products, is identical with human tuberculosis. 
This character determines the genus of tuberculosis in the 
classification of human diseases. It is an infective disease. 

The proposition that tuberculosis is anatomicallj an inflammatory process 
is disputed oy many pathologists. There has always been a strong mclina- 
tion to reckon tubercle among the true tumour-formations, like cancer. Such 
a view will hardly be maintained now. The genesis of tubercle, its cellular 
constitution, its whole life-histoir, are all in favoiuT of its kindred with the 
inflammatory new-formations: they offer no fair grounds for comparing it 
with the tumours. We may add — ^that the possibility of generating tubercles 
by inoculation with caseous or necrotic tuberculous matter is a strong argument 
for regarding tubercle not as a tumour but as a product of inflammation. 

The fact of the transmissibility of tuberculosis to animals is now placed 
beyond doubt. It is true that the experiment does not always succeed ; for 
though some animals are very susceptible, such as rabbits, guinea-pigs, and 
ruminants generally, others like dogs enjoy a certain degree of immimity. 
This only proves, not that tuberculosis is not infective, but that the 
tuberculous virus is not a universal poison, capable of attacking each and 
every organism. This is likewise the explanation of the fact that phprsicians 
have observed comparatively few cases of quite indubitable transmission of 
the disease from man to man. Among human beings there are predispositions : 
tuberculosis does not attack all with equal readiness. Nor must we forget in 
criticising the clinical data — ^that it is scarcely possible to discern the exact time 
at which tuberculosis sets in. The clinical manifestations may not appear till 
long after the first infection, when it is iznpossible to make out anvtnmg that 
throws light on the origin of the disease (Budd, Lancet 2, 1867 ; Webeb, Clin. 
Soc Trains. 1874 ; Rindpleisch, Virch. Arch. vol. 85 ; Bubnet Yeo, C<m- 
tagiausnesi ofPulm. Consumption London 1882). 
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A short but very comprehensive smnmaiy of the evidence for the trans- 
missibility of tuberculosis from man to man, and from man to lower animalii, 
is given by Klein (Fractttioner Aug. 1881). The student who desires to 
know the ^ state of the case' for the specific nature of tuberculosis immediateij 
before Koch's discovery cannot do better than to consult this article. 

Inoculation-experiments have been made in various ways. The tuber- 
culous matter has been inserted under the skin, into the peritoneal cavity, 
into the eye, and into the joints : it has been mixed with the food : it baa 
been pulverised and conveyed to the limes with the respired air. 

^ References :—ViLLEMiN, Gazette hebd. 50, 1865; Camp, rend, 61, 1866; 
Etudes 8ur la tubercidose 1868 : Lebert, BvUet, de Vacad, zxxu ; Oaz, mid, de 
PariSy 25—29, 1867 : Lebert and Wyss, Virch. Arch. vols. 40 and 41 : Roustan, 
L'tnoculdbiliti de la Fhthisie Paris 1867 : Feltz, Oaz, m4d, de Strofbovrg 1867 : 
Wilson Fox, The artificial production of Tttberde London 1868 : Chauveau, 
Oaz, m4d. de Lyon 1868 : Lanqhanb, Dib Uebertr, der Tvherculoee auf Kaninchen 
1868 : Waldenburg, Die Tubercidose Berlin 1869 : Virchow and HmscH, 
Virch, Jahresber. 1868 — 1870 (containing full and very use^ references to 
previous research) : Trans, PaJth, Soc. 1873 (an instructive discussion of 
current views) : Klebs, Virch, Arch, vols. 44, 49 ; Arvh, f, exp. Path, i ; 
NcUurforscher-versamnduna in Miinchen 1877: Cohnheim and Fraenkjel, 
Virch, Arch. voL 45 ; Dte Tubercidose vom Standpunkte der Jnfectumdehre 
Leipzig 1880 : Klein, Lymphatic System u London 1875 : Tafpbiner, Lippl, 
Schweninger, NaJturf-versamm^ 1877 : Tappeiner, Virch, Arch. vol. 74 : 
Orth, Virch, Arch, vol. 76 : Bollinger, Arch, f. exp. Path, i : H. Martin, 
Rech&rches sur le tvbercvle Paris 1879 ; Arch, de Physiologie 1881 ; Revue de 
m4d. April 1882 : Sanderson, Report to Med. Off. of Privy Council 1868 — ^9 
(republished in Practitioner Sept. — Dec. 1882 ; a critical summary of preceding 
researches is given in the latter of these reports) : Kienbr and others, L Union 
mid, 1881. 

126. Two important questions remain unanswered. Tuber- 
culosis is an infective disease: and it bears the anatomical character 
of a destructive nodular inflammation. It is important for dia- 
^ostic purposes to know something more. Does the tuberculous 
inflammatory process manifest itself by the formation of nodules 
only ? Conversely, are all varieties of cellular nodules, exhibiting 
the general structure of tubercles, to be regarded as evidence of 
tuberculosis ? The second question is — ^What is the nature of the 
tuberculous virus? In answer to the former question, clinical 
observation and experiments on animals have shown that all 
nodular eruptions are not tuberculous. Thus when small irritating 
foreign bodies are introduced into the body of an animal, it 
sometimes happens that a nodular affection is produced which 
anatomically simulates tuberculosis. Yet thesa nodules have in 
reality no Kindred with true tubercles. The exciting cause is 
essentially different (Art. 127) from that which engenders true 
tuberculosis ; while neither the life-history of the nodules, nor the 
course of the process as a whole, corresponds with what is observed 
in human tuberculosis. 

Moreover, there occur in man certain nodular inflammations 
whose clinical course is radically different from that of tuberculosis, 
though the nodules in some degree resemble tubercles. The best 
known instance is lupus of the skin (Art. 132). In this affection 
perfectly typical tubercles are frequently formed; but they never 
induce tuberculosis in other organs, or general tuberculosis. In 
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the peritoneum, again, there are now and then found tuberculoid 
nodules; but they have probably nothing whatever to do with 
tuberculosis as a disease. 

While the domain of tubercular eruptions is on one hand 
somewhat wider than that of tuberculosis, on the other hand 
the domain of tuberculosis goes beyond that of tubercular eruptions. 
In other words, there may be tuberculosis without isolated 
tubercles. It not infrequently happens that in the course of 
tuberculous disease inflammatory patches are formed, consisting of 
diffuse continuous granulations in which no tubercles can be 
detected. These patches must nevertheless be acknowledged to be 
tuberculous : the clinical course of the process, and the life-history 
of the new inflammatory tissue, indicate this ; while tubercles may 
actually be developed m later stages of the same affection. In 
such cases it may be hard to determine whether the process is 
really tuberculous ; especially in organs like the lungs where the 
usual inflammatory changes are at all times apt to make the 
recognition of tubercle a difficult matter. Experimental inoculation, 
or the detection of the specific virus (Art. 127), can alone settle 
the question. As regards the latter test we may expect that the 
near future will bring us much additional information. It is fortu- 
nate that these ambiguous cases are not very numerous. Although 
therefore the anatomical notion of tubercle and the clinical notion 
of tuberculosis do not precisely correspond throughout their full 
extension, they do correspond in the vast majority of cases. It 
is a rule almost without exception — that tuberculosis is distin- 
guished microscopically and on the post-mortem table by the 
presence of tubercles. 

Much confusion has arisen in the discussions on tuberculosis from the 
assumption that the production of a nodular or tubercular eruption in an 
animal is necessarily the same as the production of tuberculosis. The result 
of the assumption has been, that observers have fancied they have induced 
tuberculosis m animals hj the introduction of all sorts of foreign bodies. 
The diagnosis is not to be based on the presence of nodules simply: the 
life-history of the nodules and the general course of the whole process are also 
of essential importance (H. Mabtin, Arch, de Phy$. 1881). 

127. We are now able to give a definite answer to the second 
question raised in the last article — What is the nature of the 
tuberculous virus ? 

At the meeting of the Berlin Physiological Society held on the 
24th of March, 1882, Dr R. Koch communicated some result 
of his researches on tuberculosis, which constituted a distinct 
advance in our knowledge of its aetiology. 

He announced that the tuberculous virus is a special bacillus 
(Bacillus tuberculoslB, Art. 206). Its length is about a third 
of the diameter of a red blood-cell, and its breadth one-fifth to 
one-sixth of its length. Individual bacilli contain clear bright 
spores. The bacilli are chiefly found in fresh tubercles, more 
sparingly in older ones. Some of them lie within the cells and; 
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especially within the giant-cells, others lie outside. They are 
generally single and scattered ; at times they are found in prettily 
grouped clusters. By treatment with methylene-blue and vesuvin, 
they take up a different tint from that of the surrounding tissues. 
The tissues stained in the first instance with methylene-blue have 
their colour discharged by vesuvin, while the tubercle-bacilli 
retain it. 

Ehblich, Gibbes and others {Brit. Med. Joum. Oct 14, 1882) have devised 
simpler and speedier methods than Koch's for staining and so detecting the 
bacilli. These metiiods are readily applicable to the clinical examination of 
phthisical sputa. 

Koch has shown that the bacilli may be cultivated in the 
serum of ox-blood. The bacilli so bred may then be introduced 
into the bodies of various animals, such as rabbits, rats, and dogs, 
and tuberculosis is thereupon induced; in other words, they are 
attacked by a disease characterised by a progressive formation of 
cellular nodules. The nodules always contam the characteristic 
bacillL In guinea-pigs the first appearance of disease is mani- 
fested ten days after inoculation. 

It may therefore be accepted as an established fact that 
tuberculosis is an infective disease, induced by the presence of a 
specific bacillus. 

In the light of this knowledge, the various theories which 
have been advanced with regard to the causation of tuberculosis 
become in some respects irrelevant. It will be matter for further 
experimentaJ investigation to determine the vital properties of the 
tubercle-bacillus. Among other points, it will have to be settled 
whether the bacillus can develope only within the bodies of men 
and other mammals, or whether it may not pass through some 
stage of its existence outside the body: in otner words, whether 
the disease is strictly contagious, i,e. transmissible directly from 
one subject to another ; or whether it is due to something of the 
nature of a miasma — a poison which may develope outside the body. 
According to KocH, the bacillus can only be bred between the 
temperatures of 30'C and 41^0 (86'F— 105-8T). If this be so, 
it is hard to see how it can multiply outside the body. With regard 
to the transmission of tuberculosis from animals to man, it is to be 
noted that KocH has found the specific bacillus in the nodular 
growths which occur in the ' pearly disease ' of cattle {Perlsuckt or 
bovine tuberculosis). 

Clinical experience would seem to indicate that the tubercle- 
bacillus is no ordinary bacterium, such as may enter and affect any 
organism without distinction. It would seem rather as if infection 
occurred only where a definite predisposition exists, or where a 
considerable quantity of the virus is introduced. This predisposition 
may be local as well as general. The local predisposition may 
perhaps depend mainly on antecedent inflammatory change. A 
general preoisposition is attributed to Bcrofliloiu subjects especi- 
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ally. These are persons whose tissues exhibit a certain frailty 
or susceptibility to injury, that makes them particularly liable to 
chronic inflammatory disorders. It is however not at all un- 
common for the term 'scrofrilous' to be applied to individuals 
actually affected with tuberculosis, as well as to those who are 
only predisposed to it. 

We may imagine the course of the infection to be this — 
the bacilli settle in a tissue accessible from without, pass thence 
into the deeper structures, and ultimately into the blood: or, 
without any primary local settlement, they may be taken up 
by the circulating juices directly, and carried to various parts ; 
wherever they settle they begin to develope, and so set up 
inflammation and the formation of cellular nodules. 

Koch has found the bacillus not only in general miliary tuherculosis but 
in caseous pneumonia, caseous bronchitis, intestinal and glandular tuberculosis, 
' pearly disease,' spontaueous and inoculated tuberculosis in various animals, 
and in the so-caUed scrofulous hyperplasia of lymphatic glands. All these 
affections are thus to be included under the head of tubercmosis : they are sJl 
the result of the same bacterial infection. Tuberculosis from this point of view 
is an infective disease not always manifested by the formation of tubercles. 
It may even appear as a purely local affection, and yet be imaccompanied 
by tubercles. 

It is of special interest to note that Koch has detected the bacillus in the 
sputa of phthisical patients. As the bacillus produces spores within the 
body, it is very likely that the virus exists and dinuses itself outside the body 
mainly in the form of spores. 

Koch finds that the bacilli grow verv slowly, and after inoculation proceed 
to develope and multiply only when they reach a spot where they are not 
subject to much mechanical disturbance or displacement. From this we may 
understand how it happens that many persons, though a^n and again 
exposed to the invasion of tubercle-bacilli, yet remain umnfected. It is 
moreover conceivable that individuals, in whose tissues inflammatory 
changes have already occurred, are those who are most disposed to tuber- 
culous infection. 

At the time when Koch was bringing his researches to an end, Baumoarten 
{CentrcdbUut /. d, med, Wtss. 15, 1881) succeeded in detecting bacilli in 
tubercle by treating microscopic sections with dilute solution of caustic 
potash. He did not however go on to cultivate and inoculate the bacilli. 
Aufrecht had already described bacilli which he had foimd in tubercle 
{PcUh, Mitih. Magdeburg 1881) ; but his demonstration was likewise defective. 
He did not show that the bacilli were peculiar and specific as regards 
tuberculosis. 

It has been a much-debated question whether or not human tuberculosis 
is identical with the bovine ' pearly disease.' Anatomically the pearly disease 
is a progressively advancing affection in which nodes and nodules are formed. 
These may be sm^le or agglomerated into masses as big as a potato. They 
are chiefly found m the serous membranes, as also in the lymphatic glands, 
lungs, and liver. In the serous membranes, the nodular masses are often 
pedunculated and pendulous. Caseation is not very common; calcification 
much more sd The nodules are essentially cellular in structure, often contain 
giant-cells (Virchow, Virch. Arch, voL 14), look very like tubercles, and 
may lie together in great numbers in the midst of a cellular stroma. 

A. C. Gerlach {Jakresh, d, k. Thierarzneisckule in Hannover 1869) fed 
and inoculated rabbits and goats with matter from such nodules, and on the 
strength of his experiments maintains that the pearly disease is transmissible 

M. 12 
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to other animalB and is identical with human tuberculoaia Schuppsl ( Virdu 
Arch, voL 56), and Creiohton (Bowm Tuberculosis in Man London 1881), 
from microscopic comparison of tubercles and the pearly nodules, declare 
that they are identical. Orth {VircL Arch. vol. 76) arrived at the same 
conviction through experiments in which the animal was fed with the infective 
matter ; as did aJso Bollinger and Klebs {ArcL /. exp. Path, i), Chauvbau 
{Jahrh, der ges, Med. 1872), and Baumoarten (BerL klin. Woch 49, 1880). 
On the other hand Colin (Compt. rend. 1876), Qunther, Harms, and Muller 
(Jahrb. der aes. Med. 1873 — 74) obtained only negative results. ViRCHOW 
\Berl. Idin. Woch, 1880 and VircL Arch. voL 83) also made experiments by the 
method of feeding, but his results were ambiguous. He thinks that so far 
as experiments have hitherto gone the transmissibility of the pearly disease to 
other animals (by feeding them with diseased milk or meat) is not yet certainly 
established. 

Koch's observation of the specific bacillus in the pearly nodules seems to 
remove all doubt of their identity with tubercles. How far the bovine 
disease may be transmitted to man is not vet made out. The transmission is 
at any rate possible, and that by various channels. 

Syphilis, 

128. Sypbilifl is an infective disease, originating in a fixed 
contagium. It starts at a wounded or abraded spot, gives rise 
there to certain local tissue-changes, and thence spreads through 
the entire system. The poison of syphilis occurs in the human 
organism only; it is nowhere reproduced but within the human 
organism ; and it is conveyed to other individuals only by direct 
transference. When transplanted into a new organism, it excites 
inflammatory processes of the most diverse intensity and extent — 
bam simple localised and transitory hyperaemia to the formation 
of enonnous exudations, or gnmulomatous growths, or extensive 
fibrous hyperplasias. If a child be procreated while the infection 
lasts, the disease may be transmitted to it from the mother's side 
as well as ttom the father's. 

The primary inflammatory focus is formed at the seat of infection 
as an indurated chancre or ' hard sore.' It is an ulcer with an 
hardened bacon-like or gristly base and margin. It generally 
begins as an excoriation, i,e. a slight and superficial loss of 
substance, and over this a vesicle or pustule is formed. In other 
cases it is developed firom a node formed (for example) in the scar 
of a former ulcer ; this then breaks, giving rise to the characteristic 
ulcer with its hardened gristly base. In other cases again the 
ulcer is first formed, and the induration follows later on. 

The node or induration which forms the primary letion of 
s}rphilis appears under the microscope at first as a dense in- 
filtration of the connective tissue with small cells (Fig. 34 a). 
The process may not advance beyond this: but in many cases 
the infiltrating cells proceed to develope farther. From the small 
round-cells larger formative cells (Fig. 34 6), and not infi^uently 

fiant-cells (c), are formed. The development does not advance 
eyond this point : the greater part of the affected tissue breaks 
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NothJDg certain ia known concerning the Dature of the BTphilitic virus. 
Elkbs {Arch. f. exp. Patk. s) regards the disease as a parasitic bacterial 
affection. Our histological knowledge of syphilitic growths is mainly due to 
ViECHOW {Krani. OetchwUltU n), E. Wawneb {AnA. d. HeUi. rv, 1863), 
AOBPITZ and Ukba ( Viertdjahrttchr. f. Derm, und Syph. iv, 1877). See also 
Baohleb, Ziemtten'i Cudopaedia vol. iji ; Van Oorst, Da fumeuri gommeute* 
In. Diss. Paris 1859; Coknil and Rakvieb, Man. of Path. Bitt. vol i. 

129. After a certain time the ' initial sclerosis ' or bard sore ia 
followed by inflammations of the Ij'mphatic glands, skin, and 
mucous membrane. These are tbe ' ucoQdary iymptODU.' Still 
later appear syphilitic inflammations of the viscera and bones. 
These are the 'tertiary ■ymptomM.' The various inSammations 
are for the most part similar to other, non-syphilitic, inflammations. 
Certain special granulomatous formations are also developed which 
are called ayphilomata (Waoner) or gummata, and condylomata. 

The syphilitic condyloma {condyloma latum or muootu patch) 
is a raised level patch on the skin or mucous membrane, due to 
inflammatory change in the epidermis and corium, or in the epithe- 
lium. The upper layers of the corium, and especially the papillae, 
swell up greatly owing to infiltrations of cells and liquid exudations. 
The cutis appears as a loose sodden gelatinous tissue infiltrated 
with cells (Fig. 35 i and A:), There is no true granulation-tissue as 
a rule, for no organisation of the cellular material takes place, and 
no new vessels are formed. In condylomata of the mucous 
membranes, the tissue may take on something of the look of 
granulations owing to abundant cell- production. The epithelium 
IS usually swollen (Fig. 35 e f g) and infiltrated with cellular and 
liquid exudations. 

The syphilitic gnnuna in its earlier stages is histologically very 
dmilar te the condyloma. The gumma is a circumscribed patch of 

12—2 
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morbid tissue, Dot unlike granulatioti-tissue. It occuis chiefly in 
the penosteum, muscles, brain-Bubatance, and membranes, as well 
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as in the parenchymatous organs of the abdomen, such as the liver, 
spleen, and testis. The relative proportion of cells in the gumma 
varies with its site. Varieties which are poor in cells, such as are 
found at times in bone, are soft and gummy in texture. On 
section they have a gelatinous look, the liquid constituents exceed- 
ing the cellular in quantity. The older surrounding tissue under- 
goes in part a mucoid change. Varieties rich in cells, met with 
chiefly in the pia mater and arachnoid, and the spleen, form nodes or 
patches which are translucent, grey or whitish or greyish red in 
colour, and rounded (spleen) or irregular (brun-membranes) in 
shape. They have in tact the exact appearance of granulations. 
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In the affected organs or tissues there are usuallj found, in addition 
to the gummata, more diffused and extensive inflammatoiy 
changes. 

130. These syphilitic granulomat^ua growths are generally of 
a very perishable or unstable nature. Frequently there is do pro- 
per granulation-tissue developed: that is to say, no vessels are 
formed and no further development of the extravasated leucocytes 
takes place. The leucocytes usually perish by iatty degenera^ 
tion. Small infiltrated patches may often disappear by re-ab- 
sorption. In other cases, as in the bones, suppuration or fatty 
necrosis and ulceration is the issue. In lai^;er patches abounding 
in cells, caseous nodes are not in&equently formed : they may be 
either rounded and spherical, or irregular in shape. If the caseous 
process is still in a comparatively early stage, these patches are 
found surrounded by highly cellular granulations. After a time 
these latter pass into dense fibrous tissue (Fig. 36), and contract 
into a narrow zone surrounding the caseous patch. Lastly, this 
zone may be further transformed into connective tissue of a more 
ordinary type. Caseous nodes, thus imbedded in an irregular 

Euckered caf^ule of scar-tissue, are found most commonly in the 
ver and testis. 
It is these scar-surrounded caseous nodes which are chiefly 
referred to when pmunatoiu nodei are spoken of. They have 
of course ceased to be strictly gummatous, for they contain merely 
the caseous detritus of the original cellular gumma The caseous 
change often involves not merely the cellular new-formation, but 
also the normal tissue of the affected organ. The node comes thus 
to cont^ more than the necrotic reroains of the true gumma; it 
includes all or most of the proper or specific tissue affected and 
destroyed by the original infiltration. 
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This common issue of syphilitic inflammation in disintegration 
and necrosis seems to depend chiefly on the nature of the virus 
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which produces the disease. It is not however impossible that 
another factor may lie in the aptness of the vessels and especially 
the arteries to be attacked by the specific inflammation. Wherever 
granulations are formed or hjrperplasia set up in consequence of 
syphilitic inflammation, the vessel walls and clnefly the intima are 
observed to thicken. The lumen is thus narrowed, and often 
entirely occluded (Fig. 36 6 and c and Art. 297). 

On B^mhilitic disease of the arteries see Greenfield &c., Trant, Peak. Soc 
voL 28 ; Heubner, Die luetische Erkrankung der Oehimarterien Leipsdg 1874 ; 
Lancereaux, Oaz. des H6p. 21, 1876. 

Leprosy. 

131. Leprosy, lepra or elephantiasis graecorum, is a disease 
distinguished anatomically by the formation of nodes and tubers in 
the tissues. These when cutaneous are usually seated on the 
surfaces exposed to the air — the face, hands, and feet. They may 
at times occur elsewhere. The subcutaneous tissues, nerves, 
mucous membranes, and viscera may also be affected. The nodes 
may reach the size of a walnut. 

When a node is about to form in the skin, there appears first a 
red spot, which becomes bluish and then brown : the underlying 
tissue becomes meanwhile thickened and indurated. The swelling 
then increases, and the patch becomes gradually transformed to a 
firm red protuberance, which later on becomes softer and paler. 

The basis of the node is made up of cellular granulation-tissue, 
lying immediately beneath the epidermis. It is spread in a uniform 
layer, or sends down cellular processes into the deeper structures. 
In colour it is ffreyish-white and somewhat translucent. The cells 
are of various sizes according to their stage of development. When 
the nodes break down, leprous ulcers are formed, though these 
are more commonly the result of external injury. Fatty meta- 
morphosis of the cells and resolution of the tumour thereby are 
not unknown, but the process is very slow. The nodes of the 
mucous membrane are more apt to ulcerate than those of the skin : 
this occurs, for example, inside the nose, and in the conjunctiva, 
mouth, and larynx. 

Leprous growths in the nerve-sheaths may lead to disturbance 
of the nerve-fiinctions : we may thus have local amyotrophy and 
anaesthesia, as in Lepra anaestnetica. Visceral leprosy is rare. 

Armauer Hansen and Neisser have discovered that leprosy 
depends on the presence of a specific bacillus (Bacilliu leprae) 
in the affected tissue. The bacillus is found in all leprous foci 
(Neisser), generally enclosed in ihe larger cells. The heredi- 
tariness of leprosy nas not been proved. It is but slightly con- 
tagious ; yet in certain regions it is endemic. It is nowadays rare 
in Europe : Norway and Sweden, Finland, and the Baltic provinces 
of Russia, are the regions where it is most prevalent. It occurs 
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(but more rarely) in special districts of Greece and Italy. It is 
prevalent in Central and South America, and in Southern Africa 
and Asia. 

Vibchow'b Onkotogie (vol. n) containa a full account of loproey, from 
which the above details are chiefly drawn. Thoua {ViriJi. Arch. vol. 57) givee 
a deecription of the hietological charact«rs of the diaease agreeing in essence 
with ViaCHOw's. Neibser's discovery of the BaciUui lepve was announced in 
the BreUau. Unt. ZeUtchrift, 20 and 21, 1879 : Aruauer Hansen's in Virdi. 
Arch. ToL 79. See also Neisser, Virdi. Arch. voL 84 The bacilh have been 
found in the nodes of the skin, oral epithelium, and laryoj — as well as in 
diseaaed foci in the nerves, cartilages, teates, lymphatic glands, liver, and spleen. 
Nbisser has inoculated rabbits and dogs with leprous matter, and so pro- 
duced inflammaton' nodes correaponding with those of human leproav. He 
supposes that the bacilli enter the system as spores, and develope wherever 
they find a suitable nidus, especially in the lymphatic glands. Thence they 
invade the entire body. 

KoBNKR {Virch. Arch. voL 68) found the bacilli in the blood. His 
attempts to transmit the disease to monkeys did not succeed. He is thus 
inclined to question Nbisher's demonstration of its transmissibility. 

In Lefira anaeithetiea the sldn is usually smooth and shining. This form 
has therefcH^ been distinguished as L. laeoU or glabra. White or brown 
stains appear on the skin at times, probably at the site of a former infiltration. 
This variety is described as Lepra macidoia ; the patches as m/trphoeae nigrae 
or (Jhae (not to be confounded with the skin-diaease Uorphoea). 

Lupus. 
132 Iiupiu (or 'noh me tangere') is an affection of the skin 
and contiguous mucous merabranes The surface becomes red, 
and this is followed by the formation of laree or small nodules 
(Fig. 37 d) with more diffused swellings Granulation tissue Ir 
formed m the conum and subcutaneous connective tissue 




Fio. 37. Bboiion or i 

a normal epidermis e non-vasonlar nodole 

b normal oorinm with Bweat.£land(i) / strings of oells 

c focns ol Inpns-tiaBne g Inpona nicer 

d vasoular nodule ■nrronnded by dif- h proliferating epithelitu 
fnw aallnlai infiltration 



184 INFLAMMATION AND INFLAMMATORY GROWTHS. [SBCT. V. 

The granulations are generally vascular, the cells small, 
spherical, and lymphoid : but at times numerous epithelioid cells 
and giant-cells may also be found. In the latter case, nodules 
may also develope having the exact appearance of tubercles. Sur- 
rounding the true granulomatous focus there are found nests and 
strings of cells following the course of the lymphatics (Fig. 37 c/). 
When the subepithelial granulations have reached a certain degree 
of development, they begin to break down and ulcerate (Fig. 37 g). 
It seldom happens that ulceration is averted by re-absorption or 
cicatrisation. 

The exciting cause of lupus is unknown. The general course of 
the process, and especially its progressive character, seem to 
indicate that it is due to some virus capable of reproduction. 

SchGlleb (CerUrcUb. /. Chir. 49, 1881) has found certain micrococci in 
lupus-tissue, which he holds to be the cause of the affection. His observa- 
tions are not however enough to establish the fact with certainty. 

Olanders, 

133. Olanden (or Equinia) is a contagious disease of the 
horse, communicable to man by direct transmission. Glanders and 
fkurcy are manifestations of one and the same infective disease : 
the first affects chiefly the nasal mucous membranes, the second 
the skin. 

The initial lesion in the horse is usually situated in the nasal 
mucous membrane. The submaxillary gland is then affected : and 
then, by metastasis, various other organs. The first effect of the 
infection is to give rise either to wide-spread cellular infiltration 
of the mucous membrane, or to subepithelial nodules fix>m the 
size of a millet-seed to that of a pea, ana not unlike those of lupus. 
In chronic farcy larger nodes and nodules form in the skin, and 
sometimes link themselves into vermiform cords (' corded veins '). 

The epithelial nodules are very unstable in structure. The 
cellular elements of which they are built up maintain throughout 
the characters of Ijmaphoid cells or pus-corpuscles. Owing to fiitty 
change, disintegration, softening, or suppuration in the nodules, 
ulcerations are soon formed which have a yellowish infiltrated 
base. These grow by progressive nodular (or simply diffused) 
infiltration of their borders, followed by gradual dismtegration. 
In this way contiguous ulcers may become confluent. In horses 
that have died of glanders, the mucous membrane of the nasal 
septum is beset with large irregular excavated ulcers with eroded 
edges and greyish or yellowish bases. In addition to these, there 
are other minute lenticular ulcerations, and grey or yellow nodular 
patches on the point of breaking down. The whole process is near 
akin to that of suppurative inflammation. The ulcers may heal 
up by the formation of irregular puckered cicatrices. 

The cervical glands are always inflamed and swollen. Among 



CHAP. XXIV.] THE INFECTIVE GRANULOMATA. 186 

the viscera the lungs are the most liable to be affected They 
contam either nodes with caseous detritus in the centre and a 
greyish cellular periphery ; or on the other hand lobular pneumonic 
patches of a light grey or blood-stained colour, or opaque and 
yellow from fatty and caseous change. At times the alimentary 
mucous membrane contains nodes of various sizes, composed either 
of light grey cellular tissue, or of opaque yellowish-white caseous 
or suppurative matters. In farcy, which is usually chronic, the 
nodes (* buttons ' or 'buds') formed in the skin and muscles are made 
up of small-celled granulation-tissue, which later on undergoes 
retrogressive change, and becomes caseous or breaks down. 

In man, as in the horse, infection with glanders-poison is 
followed by the formation of nodes and nodules, especially in the 
nasal cavities and frontal sinuses, and in the larjmx and trachea. 
At the same time vesicular and pustular eruptions appear on the 
skin, followed by phlegmonous abscesses in the skin and muscles. 
The viscera are also affected in like manner. The development 
of the granulation-tissue is generally very imperfect : the inflam- 
mation tends rather to take on a suppurative character. In chronic 
farcy large nodes ('farcy buds') are formed in the skin and muscles. 
When these break down they give rise to indolent and obstinate 
ulcerations. 

For a fuller description of equine glanders and farcy see Youatt, On the 
Horse London 1859 ; Fleming, Maru of Veterin, SanUary Science voL i 
London 1875 : on the human affection see Poland, RoLmeie System of 
Suraery voL I. 

The nature of the glanders-poison is unknown. See Villemin (Etudes sur 
la tvberadoee Paris 1868), Bollinger {Ziemssen^s Cyclopaedia voL iii), and 
PuTZ (Die Seuchen und fferdekrankheiten Stuttgart 1882). 

Actinomycosis. 

134. ActinomycoBis is a progressive inflammatory affection, 
set up by a certain Aingus, the Actinomyces. It results in the 
formation of granulations and fibrous tissue, and in suppuration. 
It attacks human beings, cattle, and swine ; and may be communi- 
cated to cattle by inoculation. 

The disorder was first recognised and described in man by 
Israel (1877), and in cattle by Bollinger (1877). 

The parasite which causes the disorder is a peculiar fungus. 
It first appears as a tufbed rosette of radiating pyriform or 
club-shaped structures: these are either simple or divided by 
dissepiments, and are of considerable bulk. They are possibly the 
conidia (Art 213). The fungus on reaching its full development 
appears as a peculiar gland-like body, with the outward form of a 
mulberry. It is produced by the aggregation of the club-shaped 
conidia: these spring in all directions fix)m the filaments of a 
matted tufb which we may provisionally call the mycelium, and 
are thus crowded into a compact mass. The true botanical position 
of the fungus is as yet undetermined. 
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When the actinomyces settles in a tissue, it at once sets up 
inflammation in its neighbourhood. While the spore is developing 
its mycelium and its bunch ('gland' or 'core') of conidia, a nodular 
inflammatory focus is formed around it, which in its structure 
exactly resembles a tuberculous nodule. Recent nodules consist 
chiefly of round-cells : in less recent ones the zone in contact with 
the fungus-core contains epithelioid cells and giant-cells. The core is 
yellowish in tint, and in later stages of the process it often becomes 
calcified. 

When the nodules increase greatly in number and become 
confluent, the intemodular inflammation also extending, large areas 
of inflammatory swelling are formed. In many cases, and especially 
in cattle, scar-like bands of fibrous tissue may be formed in the 
spaces between the nodules. The nodules themselves usually 
break down and suppurate. If the tendencv to ftirther develop- 
ment be strong enough, we may have, instead of suppuration, large 
nodular patches of new tissue formed. These may grow for weeks 
or months and finally become as large as the fist, or larger. The 
tumour is made up partly of coarse fibrous tissue, partly of granu- 
lations, with the intermediate stages. It always contains small 
pus-cavities and other excavations, in which the fungus-cores are 
found as small white or yellow greasy-like masses lying among the 
purulent detritus. 

If on the other hand the tendency to disintegration and sup- 
puration prove the stronger, we have formed large sacculated 
cavities with branching intercommunicating fistulae. The walls 
of these are lined with granulations and hyperplastic fibrous tissue, 
containing here and there colonies of the i^ngus. 

135. In the case of cattle the disorder attacks chiefly the 
lower jaw ; then the upper jaw, tongue, phaiynx, laiynx, oesopha- 
gus, stomach, and intestinal wall. The skin, the lungs, and the 
subcutaneous and intermuscular connective tissue, are also liable 
to invasion. In these sites it generally gives rise to nodular tumours 
of various sizes, such as we have described. Till the true nature 
of the disease was made out, these were described by a multitude 
of names such as osteo-sarcoma, bone-canker, bone-tubercle, fibro- 
plastic degeneration, woody-tongue, lingual tuberculosis, lymphoma, 
•fibroma, spina ventosa, &c. In the cases observed in the human 
subject, the disease has chiefly attacked the soft parts of the neck, 
the thorax near the spine, the mediastinal tissue, and the lungs. 
In one case the infective matter had entered the blood, and gave 
rise to metastatic foci in the viscera (Ponfick). 

The inflammatory growths seldom reach any great size in man: 
they are apt rather to break down early. In the cases referred to, 
cavities and fistulae were formed, some of them subcutaneous and 
some extending deeper. Among their purulent contents were found 
the ftmgus-cores. Where the process mvaded the bone, it led to de- 
structive caries ; this was notably the case with regard to the verte- 
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brae. In all the affected regions the destruction of tissue was very 
considerable. 

As regards the genesis of the disease, it seems very probable 
that the mouth is the starting-point of the infection. Israel, 
JoHNE, and PoNFiCK afBrm that in healthy individuals the specific 
fungus is now and then found lying in the follicular crypts of the 
tonsils. It has also been discovered in concretions from the 
lacrimal duct, and in hollow teeth. The observations of the above 
authors, with those of Bollinger, make it probable that infection 
often follows upon wounds of the oral cavity {e.g. those left after 
the extraction of teeth). Israel believes that the spores or ftmgi 
may be inhaled, and so give rise to the disease in the lungs. 

Clinically speaking, the disease is chiefly marked by its chronic 
course and local malignancy. Metastasis is not common. 

Israel's researches were published in Virch. Arch. vols. 76, 78: BoL- 
ltnqer's in the Centrdlh. f. nkd. Wiss. 27, 1877. Since then the affection 
has more than once been observed in man. Johne and Ponfigk have been 
the chief writers on the human affection. Johne demonstrated the inocula- 
bility of the disease in animals {Deutsch. ZeUsch. f. Thiermed. vu, 1881). 
PoNFiCK has G[uite recently published a monograph (Die Actiriomycoie des 
Memchen Berbn 1882), in which the published observations on the disease 
are brought together ; light is thrown on its aetiology by new observations 
and experiments; and the significance of the vanous morbid processes 
is explained. Qanket gives a useful simmiary in Bott. med. surg. Joum. 
Aug. 31, 1882. 

Ffluo lately described a case of actinomycosis in a cow, which took the 
form of miliary nodules disseminated through the lungs {Cent. f. med. Wise. 14, 
1882) ; HiNK {ibid. 46, 1882) gives another case, in which the nodular affection 
was confined to a part of one lung. 
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GENERAL CONSIDERATIONS. 



136. In Arts. 79 — 92 under the heaxiing of Hyperplasia and 
Regeneration we discussed a series of progressive or formative 
disturbances of nutrition. Some of these were the result of nor- 
mal development carried to an excessive degree. Others seemed 
due to the resumption or intensification of processes of growth 
which had been inteirupted or enfeebled. These processes led to 
the formation of new tissue, which either resembled exactly the 
matrix-tissue from which it arose, or at least was composed of the 
same elements. 

Another mode of tissue-formation was discussed in the last 
section, under Inflammation. This process, as we saw, gave rise only 
to a single form of new tissue : it resulted in the development of 
granulations and fibrous tissue from them. 

The mode of tissue-formation which leads to the development 
of a tun^our, neoplasm, or new growth in the restricted sense of 
the term, is not comparable either with hyperplastic proliferation 
or with inflammation. It differs from the former in this, that the 
new tissue is not similar to the matrix-tissue but specifically differ- 
ent from it. A true tumour or neoplasm proper is always composed 
of tissue differing in type from that out of which it grows. It is 
distinguished from inflammatory tissue by the great variety of 
forms it may assume, and by the mode of its genesis. 

The diversity existing between the neoplasm and the matrix is 
manifested in two ways. First, the new-formed tissue appears as 
a more or less sharply bounded and defibied mass. Secondly, its 
texture and structure diffei^ from those of its matrix, and generally 
to such an extent that the difference is recognisable with the 
unaided eye ; it is of course still more plainly marked under the 
microscope. These two marks are generally enough to determine 
the diagnosis of tumour, though not invariably, d a whole series 
of new-formations, it is difficult or even impossible to distinguish 
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anatomicallj between hyperplastic or inflammatoiy tissue and true 
neoplasm. The distinction must in such cases be based on the 
life-history of the tissue in question. 

It should be noted — ^by way of distinction between inflammatory 
tissue and a neoplasm — ^that the latter does not originate in ex- 
travasated blood-cells, so far at least as its essential elements are 
concerned. As distinguished from h}rperplasia, the genesis of a 
neoplasm is not dependent on exaggerated function or increased 
activity in the affected organ : moreover it does not retrogress, but 
continues to grow on without reaching any particular or typical 
termination. 

The term tumour or neoplasm has been very differently interpreted by 
different writera Virchow, for example, includes all hyperpmsias and inflam- 
matory or. granulomatous formations among the tumours ; while Cohnheim 
definitely excludes thenu Others take up a middle position. This difference 
of view is closely connected with the different theories held concerning the 
aetiology of tumours (Arts. 177 — 181). We think with Cohnheim that it is 
better to narrow the meaning of the term tumour so as te exclude hyperplasias 
and the infective granulomatous erowths. 

References : — Yirchow {Die irankhaften OeschwUUte) ; Lucke (Handb. d, 
Ckir. V. Pitha «, Billroth vol. n) ; R Meier (Lekrb, d, aUg. Path. 1871) ; 
Cohnheim (,AUg, Path,) ; Paget {Surgical Path). 

137. Tumours have been distinguished by various names ac- 
cording to their external form. Nodular tumours are made up of 
circumscribed nodes or nodules, single or grouped. Nodules of the 
size of a millet-seed are called miliary; smaller ones submiliary. 
If the neoplasm is imperfectly marked oflf from its matrix, and 
extends into it by continuous or disconnected outgrowths, it is called 
infiltratiiig. The terms nodular and infiltrating are not however 
antithetical. A tumour may have nodes and nodules, and yet 
infiltrate the tissue in which it lies. This latter depends on the 
mode of growth. If the tumour increase interstitially (' central ' 
or 'expansive' growth), it merely compresses and thrusts away 
the surrounding tissue, but does not infiltrate it. If it grows at 
the periphery by including ever fresh portions of the matrix-tissue 
C appositionar or ' excentric ' growth), it will give -rise to the ap- 
pearance of infiltration. 

A tumour seated on any of the surfaces of the body, and pro- 
truding so as to form a segment of a spheroid, is said to be 
tuberous. If the base be smaller than the body of the tumour, 
it is lUngouB. If stalked, it is polypous or pedunculated. If 
it consist of several small and close-set protuberances, like the 
papillae of the skin, rising from a common stalk or base, the 
tumour is called warty, verrucose, papillomatous, or briefly a 
papilloma. If the papillae are very long and branched, it is 
described as a dendritic or ramifying growth. 

138. The texture and structure of tumours are very various. 
A large group consist of tissues resembling some of the adult 
or embryonic connective tissues ; they are thus made up solely of 
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mesoblastic elements. Such wr^ distinguished as hiiUoid tumours, 
or more simply as connective-tlBStte tumours. Some of them 
are firm and of the texture of fibrous tissue, cartilage, or bone. 
Others are soft and contain adipose tissue, mucous tissue, or em- 
bryonic or indifferent tissue. Very soft varieties, resembling brain 
on section and yielding a white creamy juice on being scraped, are 
described as encephaloid or medullary. Not uncommonly a tumour 
may have a different texture in different parts of it ; it is then 
spoKen of as a mixed tumour. It arises when two distinct tissue- 
forms are simultaneously developed, or when a single tissue has 
undergone partial transformation into another. 

A second group of tumours are more complex in structure. 
They consist not only of mesoblastic elements, but of epiblastic 
and hypoblastic elements in addition ; in other words they contain 
elements derived from epithelial cells. They are therefore de- 
scribed as epithelial tumours, in contradistinction to the connec- 
tive-tissue group. Inasmuch as they exhibit a certain similarity 
of structure with various or^ms of the body, they have also been 
called organoid tumours. Their structure may often be recognised 
with the naked eye. On section the general appearance is that 
of a dense basis-substance, built up of reticulated bands and 
trabeculae, and containing within its meshes a substance of different 
colour and softer consistence. The latter often takes the form of a 
milky or creamy juice. Medullary forms are also met with in this 
group. 

A tumour resembling its matrix-tissue in texture Virchow calls 
homoeoplastic : one which differs widely is heteroplastic The latter term 
implies — that in normal circumstances tissue like that of the tumour never 
occurs at all at the spot in question ; or at any rate not at the particular 
stage of development reached at the time in question. A tumour may thus 
be heteroplastic as regards its site (heterotopic), or as regards its date (hetero- 
chronicj). £y excluding the mere hyperplasias from the category of tumours, 
we are oouna in strictness to regard all tumours as heteroplastic : they never 
are of exactly the same structure as the matrix-tissue. A division of tumours 
into homologous and heterologous growths has been proposed. Homologous 
growths are such as resemble some normal tissue of the body : heterologous 
growths such as resemble no mature normal tissue. Unless a homologous 
growth is heterotopic it is not distinguishable from a hyperplasia. A growth 
which is strictly heterologous must he heteroplastic. 

139. Every tumour is developed from pre-existing tissue- 
cells by proliferation : in some tumours new blood-vessels are also 
formed. The processes of cell-division and of vascularisation 
are identical with those described in Arts. 74 and 86. Nuclear 
subdivision is indirect : new vessels are formed by oflf-shoots from 
existing ones. 

Tumours usually develope from small be^nings. It is rarely 
that their site of origin extends over an entu'e organ. From this 
it follows — that they do not usually lead to an enlargement of the 
organ as a whole, but rather tend to form definite nodes or pro- 
tuberancea Some grow with great rapidity; others slowly and 
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intennittently. There is no limit to their growth; they often 
reach enormous dimensions. They may cease to grow at all for 
years together, and then suddenly begin again. 

Neoplastic or tumour tissue is . very liable to retrogressive 
changes ; this is especially true of quickly-growing cellular tumours. 
All the retrogressive changes which affect normal tissues are ob- 
served in tumours — fetty degeneration, mucoid degeneration, ne- 
crosis, caseation, disintegration, softening, liquefaction, gangrene, 
in&rction, calcification, pigmentation (as in melanoma), &c. In- 
flammations are also very common in tumours. 

Any of these processes may lead to partial destruction of a 
tumour. Cavities or ulcers are often formed in consequence of 
softening, and the new tissue may thus be disintegrated and 
destroyed — slowly or rapidly as the case may be. It is unfortu- 
nate that this process does not usually bring about the removal 
and eradication of the tumour, especially in the so-called malignant 
forms. The centre may break down, but the periphery continues 
steadily to advance. It may even happen that the peripheral 
advance is accelerated by the inflammatory disintegration of the 
central parts. 

It is highly probable that, during the development of a neoplasm, the 
walls of the blood-vessels are somehow damaged or impaired. In support of 
this it may be mentioned — ^that in the neighbourhood of tumours we always 
find aggregations of small eztravasated leucocytes. The manner in which 
this impairment of the vessel- walls is brought about remains unknown. 

140. Most tumours are solitary. In other words there is 
originally but a single primary tumour. It is less firequent to 
find two tumours growing in an organ simultaneously, or in quick 
succession. In the latter case we must suppose that appropriate 
conditions arise at the same time at the different sites. Now and 
again it happens that several tumours, all of different structure, 
appear simultaneously in the same person. 

From such multiple primary neoplasms we must of course 
distinguish what are called metastatic formations. Metaatasis in 
this case implies a secondary neoplastic eruption, resulting fix)m 
the transmission of elements of the original or parent tumour to 
a remote part of the body, and the development of a daughter- 
tumour from these germinal elements. 

The germ^ or other virus given off by the parent tumour is 
conveyed to other regions through the lymphatics, or through the 
blood-vessels. According to the channel of transport, we find 
metastatic affections in the lymphatic vessels and glands which 
receive the infected lymph ; or in remote organs irrigated by the 
infected blood, either directly or after passing througn the heart. 
Thus in cancerous disease of the intestine we find secondary 
nodules developed in the liver, through the medium of the portal 
system:, from the liver some germs may even find their way 
into the lungs. The germinal elements usually reach the blood 

M. IS 
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by the direct penetration of the tumour-tissue into the lumen of 
a blood-vessel. 

The development of the daughter-tumour starts unquestionably 
from these transported germs. This is probable a priori from the 
fact — that the metastatic or secondary tumour nas always the 
same structure as the primary. The germs are, furthermore, 
essentially composed of cells in a condition of vital activity. The 
share taken by the matrix-tissue in which the germs are deposited 
is not always the same. In all cases it must frimish the necessaiy 
nutriment and blood-vessels, for without these no new growth 
is possible. But it very often furnishes other elements, and 
especially connective tissue. Proliferation is set up around the 
transplanted germs, and tissue is thereby formed ; while migratoiy 
leucocytes generally contribute something to the whole. The 
secondary tumours developed may vary greatly in number. They 
are usually marked off definitely from the surrounding tissue; 
it is very uncommon for metastases of the kind to take the form of 
diffuse mfiltration. This happens (if at all) in the case of bone, 
which may be transformed mto tumour-tissue by secondary change 
affecting almost the entire skeleton. 

Metastases are not invariably produced by all tumours : many 
of these never extend beyond the limits of their primary seat. 
The clinical character of benlgnanoy or innocency is generally 
correlated with this property of tumours: maUiB^nancy is a 
character of the metastatic varieties. Other marks of malignancy 
are — the tendency to infiltrate and so destroy the surroimding 
tissue ; and the tendency to recur after apparent extirpation. 



Malignancy, or the tendency of a tiunour to invade the neighbouring 
tissue and to produce metastatic tumours, is usually regarded as an inherent 
property of the tumour. Cohnheim has recently expressed a different opinion 
{Aug. Paih. i). He tries ]/o explain malignancy by asstuning that the pnysio- 
logical resistances to invasion are somehow dimimshed. Germs transplanted 
into fresh tissue are sure, he thinks, to perish in consequence of the normal 
chemical or metabolic changes which go on in the tissue. They can only 
develope when these metabolic changes cease to be normal His main 
erouna for this view is derived from an experiment made by himself and 
Maas (Vvrch. Arch. vol. 70). They introduced pieces of living periosteum 
into the pulmonary vessels, and found that they grew for a time, but weire 
ultimately absorbed and disappeared. The diminished resisting power of 
the tissues may be either congenital or acquired. The latter is especially the 
case in advanced age. 

ZiEOLER is unable fully to agree with this view. Though the condition of 
the tissue has undoubtedly a great influence on the development of a germ 
transplanted into it, yet this alone cannot determine the malignity of the 
parent timiour. It surely depends on the structure and texture of the tumour 
whether its germs can be carried off at all, and transported by the stream of 
lymph or blood. And the faculty of developing in proper circumstances must 
be inherent in the germs themselves. Zahn \Sur le aort des tisms empUifUA 
dcms Vorganisme Geneva 1878) found that foetal tissues continued to grow 
for a time, when introduced into the body of an animal. Leopold has quite 
recently confirmed this observation (Virch. Arch, vol. 85). Pieces of living 
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tissue, taken from embryo rabbits and transplanted into other rabbits, are in 
part absorbed, and in part continue to grow. The latter is especially true of 
embryonic cartilage. 

141. The formation of a tumour is always more or less fraught 
with injury to the affected organ, and in many cases to the entire 
system. The least harmful tumours are those which grow slowly and 
by expansion, so that they merely compress the surrounding tissue. 
If this is expansible or yielding like the skin, the resulting changes 
may be trifling. But it is not rare for the compressed tissue to 
become atrophied or absorbed. If the neoplasm be an infiltrating 
one, the surrounding tissue suffers much more seriously. It either 
perishes outright, or begins to proliferate and so contributes 
materials to the general growth. This is especially the fate of 
tissues which have specific functions; the specific elements die, 
while the fibrous or connective firamework persists and becomes 
hyperplastic. 

A tumour requires to be fed if it is to grow : hence the organ 
in which it is placed and the system generally are deprived of a 
certain proportion of nutriment to supply the tumour. If growth 
is slow the deprivation is unimportant, but it may become grave 
in the case of rapidly increasing tumours. 

The seat of the tumour is of serious import. It need hardly be 
said, for instance, that a tumour growing in the brain or spinal 
cord has an altogether different significance, so far as life is 
concerned, bom that of one developed in the skin. So also a 
tumour in the oesophagus obstructing the passage of food, or 
one in the stomach mterfering with digestion, will lead to more 
serious results than one, say, in the bone of the finger. In the one 
case the function of an essential organ is impaired by the presence 
of the tumour, in the other the effects are merely local. 

Metastatic or secondary formations have always an unfavourable 
significance. As the neoplastic foci become more numerous, so 
also do the organs exposed to the risk of injury by pressure, 
invasion, or abstraction of nutriment. 

Disinteciative changes and ulcerations connected with tumours 
are specially destructive. There is nearly always an active se- 
cretion and loss of substance from the surface of such ulcers, and 
the body is reduced by the constant drain. Moreover it is not 
uncommon for putrefactive changes to be set up in the products of 
disintegration, and then the risk of blood-poisoning by absorption of 
septic matters becomes considerable. 

Tumours may thus impair the function of essential organs, 
or give rise to a serious drain of matter from the body, or bring 
about a kind of blood-poisoning through the absorption of deleterious 
products of decay; in any or all of these 'ways the general 
nutrition may be profoundly disturbed, and the patient fall into 
grave ill-health. This is spoken of as the cachexia of tumour. 
It may become so profound that the patient dies of exhaustion. 

13—2 



CHAPTER XXVI. 

TUMOUES DEVELOPED IN MESOBLASTIO TISSUEa 
CONNECTIVE-TISSUE TUMOURS. 

a. Fibroma. • 

142. A fibroma is a tumour made up of fibrous tissue. It 
usually takes the form of a sharply defined node or lump, and 
occupies a part only of the organ in which it is seated. More 
rarely the organ (as e.g, the ovary) becomes transformed throughout 
into a fibrous mass. Fibromata occurring on epithelial or mucous 
surfaces often take a papillomatous form. 

The fibroma is of very varying consistence, according to the 
texture of its component tissue. It is often very firm and tough, 
grating under the knife, and having a glistening gristly look on 
section (desmoid fibroma). In other instances it may be soft and 
flabby, with a srejnsh translucent section. Other specimens will 
be found in which the scattered fibrous bands are dense and 
white and glistening, but the general structure is loose and 
incompact; so that the tumour as a whole is rendered limp 
and flabby. All varieties of intermediate forms occur between 
the firm and the soft, and even within the same tumour different 
parts may be of different consistence. The firm varieties are seen 
under the microscope to be made up chiefly of large coarse fibrous 
bundles, interspersed more or less thickly with cells whose proto- 
plasm is scanty. 

The softer fibromata, with their translucent greyish section, 
are usually richer in cells. By teasing out a fragment it is easy 
to isolate numbers of slender spindle-shaped or caudate cells. 
The intervening substance is more scanty, the fibrils less coarse and 
gathered into smaller bundles. Stained sections of such fibromata 
appear as if they were full of nuclei (Fig. 38). 

In loose-textured fibromata a clear juice is contained between 
the fibrous bundles, which are crossed and plaited and interwoven 
in all directions. 



CHAP. XXVI.] MESOBLASTIC TUMOURS. FIBROMA. 197 

The fibroma is developed from proliferous connective-tissue 
cells. Accoidingly spots are often to be found in it where cells 
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are more abundant than in the tumour generally : in such spots 
we find not only the slender ^indle-shaped kind, but also round 
and oval cells, and even stellate cells. The transformation of 
the proliferated cellular tissue into fibrous tissue is effected by 
the same steps as in fibrous hyperplasia (Art. 85). 

Fibromata may occur in very various tissues ; in any structure 
indeed which contains any form of connective tissue. Thus they 
are found in the skin, nerves, ovary, periosteum, fasciae, uterus, 
and less often in the mamma, alimentary canal, &c. Their appearance 
is ^ways manifestly different from that of the matrix in which 
they are seated (Fig. 38). 

Fibromata do not give rise to metastatic or secondary tumours, 
though they are often enough multiple, especially in the skin, 
nerves, and uterus. Within the same tumour we may often make 
out several centres of growth : the fibroma is in fact compose^ of 
several nodes separated by ordinary fibrous tissue. Such tumouis 
can only do injury in virtue of their size or of their site. 

Now and then fibromata undergo degenerative changes. They 
may become fatty, or may soften and break down, so that cavities 
form within them. They may give way at the surface and so 
ulcerate; sometimes they become partially calcified, as in the 
case of uterine ' fibroids,' They may be highly vascular, or the 
reverse (Fig. 38). 

In rare cases the blood-vessels become wide and dilated, so 
that the tissue is pierced with capacious channels and cavities 
containing blood. In other instances the lymphatics are similarly 
dilated. 

It is Dot always easy to distinguiBh between true Sbronia and fibrous 
hyperplasia. In general the fibroma ia obaracteriBed bv the difference between 
ita texture and that of the surrounding tissue, fivm wiiich moreover it is for 



SECTION VI 



TUMOUES. 



soo 



TUU0ITB8, 



[sect. VL 



more rarely in the epinal cord. They appear as turnouts which 
are imperfectly marked off from the healthy braio- or cord- 
Bubstanee ; the margin of the tumour gradually merges into the 
healthy tissue They have thus the look rather of localised 
swellings than of tumours: but the difference in tint, and the 
blurring of the normal distinctions between the various elements 
of the brain-substance, serve to make good the diagnosis. 

Their appearance varies. Some are light grey and translucent 
like the cortical substance, and fairly firm in consistence. Others 
are whiter, coarser, and firmer. Others a^ain are greyish red or 
even dark red, in which case they are traversed by large and 
numerous blood-vessels. Vascular gliomata often enclose haemor- 
rhc^c patches. Tbey are subject to fatty degeneration, caseation, 
softening, and disintegration. 

A section of a mature glioma exhibits under the microscope a 
kind of felted texture, made up of excessively fine lustrous fila- 
ments (Fig. 40 ff) interspersed with a multitude of slightly oval 
nucleL Tne nuclei are surrounded by a scanty hardly- visible pro- 
toplasm. If however the preparation be examined when quite fi«sh, 
or after treatment with Miiller's fluid, it is readily seen that the 
nuclei belong to cells which are furnished with numerous delicate 
rami^ng processes going off in various directions (Fig. 40 A). 
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These cells are very similar to neuroglia-ceUs, though they are 
often decidedly larger and coarser. Some of them may contain two, 
three, or more nucleL 

Biesearcbes on the development of glioma have shown that the 
neuroglia-cells are the parent cells of the tumour. The ganglion- 
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cells take no part in the proliferous process. The proportion of 
cells in the tumour varies greatly: sometimes the cells form the 
bulk of it, and sometimes the fibrous framework. 

The vessels are often highly developed, and may be sacculated 
or generally dilated. 

Glioma is usually solitary, and as regards metastasis is inno- 
cent : it is only locally malignant. 

Certain cellular tumours of the retina have been described as 
gliomatous: their elements resemble the cells of the granular 
layer. As they grow they invade on the one hand the orbital 
cavity behind the eye-ball, or on the other hand break through the 
cornea and sclerotic, passing forwards. They recur after apparent 
extirpation, and give rise to metastases. The cells of which they 
are made up are partly round and simple, and partly ramifiea. 
It seems questionable whether we are justified in calling these 
tumours ghomata. We are inclined to maintain that they are 
really sarcomata. 

Glioma was first defined and named by VmcHow {Die k. Oeschwulste n. ch. 
18). Klebs hafi recently propomided the theory {Beitrdge zur Oeschvmhtlehre i, 
1879) that the ganglion-cells play an active -part in the formation of gliomata. 
ZiEGLER and Christoph examined a large number of gliomata both fresh and 
hardened, but failed altogether to find evidence for this view. The nuclei of 
the ganclion-cells seemed never to subdivide. In the instances where this at 
first sight appeared to occur, closer investigation showed that the suspected 
gangUon-cdl had merely incorporated a neuroglia-celL 

6. Chondromd, 

146. Chondromata (or enchondromata) are tumours which 
consist essentially of cartilage. The slight amount of fibrous tissue 
usually present in a chondroma is of altoeether minor importance. 
It either serves to cover the surface of the tumour, or penetrates 
the interior carrying the nutrient blood-vessels. 

Cartilaginous tumours are chiefly developed in regions which 
normally contain cartilage; that is to say, in the osseous system 
or in the cartilaginous parts of the respiratory system. They may 
occur however in tissues which are normally devoid of cartilage, 
such as the testis and parotid gland, and more rarely in other 
organs. They are of very various size: the smaller ones are 
generally globular, the larger are lobed or nodular. The several 
lobes are in the latter case separated by fibrous tissue. They are 
often multiple, especially in the skeletal structures of the hands 
and feet. 

The tumour-tissue has usually the structure of hyaline cartilage, 
though sometimes yellow cartilage or fibro-cartilage largely replaces 
it. Even in hyaline chondromata, however, there are always 
patches in which the matrix-substance is beset with fibres. At 
the periphery the cartilage passes gradually into fibrous tissue, which 
forms a sort of perichondrium. 'The hyaline matrix often has a 
dusty or ground-glass appearance. 
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The number, size, shape, and grouping of the cartilage-cells 
vary much in different cases, and even within the same tumour. 
Many tumours abound in cells, in others they are sparse : in some 
the cells are large, in others small. They may be surrounded by 
capsules, or they may be naked ; and crowded in groups within 
single capsules, or more uniformly scattered. Every variety of 
normal cartilage may occur also in chondromata. The form of 
the cells varies accordingly: they are usually spherical, but fusi- 
form and stellate cells are not uncommon, especially in the neigh- 
bourhood of the fibrous septa which divide or surround the lobmes 
of the tumour. So &r as the development of the tissue is 
concerned, all that was said in Art. 87 applies also here. The 
matrix is derived either fix)m pre-exxstiog cartilage, or firom marrow, 
periosteum, bone, or other connective tissue. Cartilaginous tumours 
which originate in cartilage have been called ecohondrotet 
{cf. exostoses). 

Chondromatous tissue is very apt to under]g|o retrogressive 
change. Some of the cells generally contain oil-globules. In 
large tumours the matrix-substance firequently undergoes mucoid 
so&ning and liquefaction, at points scattered here and there 
through it. This results in the formation of mucous tissue (Arts. 
90 — 92) ; or in complete liquefaction of the matrix and destruction 
of the cells, and so in the formation of cysts containing liquid. In 
other cases the cartilage becomes calcified, or true bone is developed 
(Art. 165). Sarcomatous tissue may be produced when the 
cartilage-cells multiply rapidly. 

Chondromata are generallv speaking innocent, though meta- 
stases are occasionally met with. 

In reference to cartilaginous growths, we must be careful to distinguish 
hyperplasia from true neoplasm. We must not set down aU cartilaginous 
formations as chondromata, even when they are extensive. We often find 
considerable cartilaginous growths in connexion with bones (especially at the 
articular ends), which are auite certainly to be regarded as nyperplasUc. It 
is the general course of the process which must decide in each case. The 
more completely a growth (uffers from its matrix, and developes as an 
independent tissue, the more certain we are that it is a real tumour. 

ViRCHOW (MonaUher. d. Acad, d. Wiss. Berlin 1875) has mAde it probable 
that many osseous enchondromata originate in remnants of cartilage whicli 
have abnormally remained unossified. Such quiescent islands of cartilage 
certainly exist and are not at all uncommon : it may well happen that they 
suddenly resume the habit of growth and begin to proliferate. VntOHOW 
suggests (by way of accounting for parotid enchondromata) that outlying bits 
of foetal cartilage may lodge in the rudimental parotid gland, which properly 
belong to the rudimental pinna of the ear. See Paget, Surg, PcUh, Lect 26 : 
Med. ckir. Trans, 1855 : Ranvieb, BvJU. Soc. AncU. 1865 : Yibchow and 
HiBSCH, Vtrch. Jahred)er, 1869. 

/. Osteoma. 

147. The osteomata are tumours composed of osseous tissue. 
Their usual seat is in connexion with the bones, though they may 
occur elsewhere. 



CHAP. XXVI.] MESOBLASTIC TUMOURS. OSTEOMA. 203 

Osseous formations connected with the bones have received 
different names according to their site and disposition. Hyper- 
CMrtosiB is diffused and extensive overgrowth in a bone. When the 
new-formed tissue is seated upon a definite spot in the old bone it 
is described as an CMrteophsrte ; or, if it be larger and more like a 
tumour, as an ezostoslfl. Circumscribed bony growths in the 
interior of bones are called enoBtoMS. Bony growths which are 
not rigidly connected with the bone are divided into — mobile 
periosteal exostoses, which are seated on the periosteum though 
separate from the bone; parosteal osteomata placed near to the 
bone, but not connected with it; independent osteomata remote 
from the bone and seated in tendon or muscle ; and finally, the 
strictly heteroplastic osteomata, which may be seated in the 
lun^. bnun-membranes. diaphragm, skin (rarely), parotid gland &c. 

Excrescences also occur in connexion with the teeth. If they 
consist of cement or crasta petrosa, they are called dental osteomata: 
if they consist of dentine they are odontomata. The latter originate 
in a hyperplasia of the pulp during the development of the tooth. 

The texture of an osseous tumour may resemble that of ivory, 
as in ebumated osteoma; or it may be soft and spongy, as in 
spongy or cancellous osteoma; the former varieties are built up 
ofdlke and compact tissue with narrow nutrient canals, anS 
similar to the corticial layer of the long bones. The latter are built 
of thin and delicate trabeculae enclosing large medullary spaces ; 
they are allied in texture to cancellous bone. 

The sur&ce is sometimes uniform and smooth, so that the 
entire tumour is conical, spherical, or pyriform : sometimes it is 
irregular, rough, or tuberculated, without any definite figure. 
Ivory-like tumours are generally of the first kind : they occur most 
commonly as exostoses of the skull. Spongy exostoses are of the 
second kind, as are also the independent and heteroplastic osteomata. 

The development of the osseous tissue in tumours follows the 
course described in Art. 88. It is effected partly by the aerency of 
osteoblasts, partly by metanlasia of the existS^tiul The^oitd- 
substance is chiefly derived from the connective tissue of the peri- 
osteum and of the structures in which the tumour is bedded ; as well 
as from cartilage and bone-marrow. When cartilage is first 
produced by periosteal proliferation, and then transformed into 
bone, the growth is described as a cartilaginous exostosis. When 
bone is directly produced, by suppression of the cartilaginous stage, 
we have a fibrous exostosis. 

Many abnormal bony growths are not strictly speaking tumours, 
but rather hyperplasias resulting from excessive growth or mflamma- 
tion. This is true not only of most hyperostoses, osteophytes, and 
exostoses, but also of some parostoses and independent osteomata. 
Of this nature are the bony growths produced m the adductors of 
the thigh by constant riding, and in the deltoid by the shoulderin&r 
of the nfle in manual-exercise. In what way fibrous tissues which 
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never produce bone normally are excited to produce it by long- 
continued irritation, is not easy to determine. We only know that 
the occurrence is not by any means impossible. The diagnosis 
between true and £Eilse osteoma is not always easy. If the new 
growth is unaccompanied by signs of irritation or of inflammatoiy 
change in its neighbourhood, it is probably a true osteoma. 

References : — MGlleb, Zeitsch. /. wiss. Zool, ix ; Paget, Surg, Path. Lect 
27 ; YiRCHOW, Die k, OeschmiUte. 

g. Angioma, 

148. Angiomata are tumours principally made up of blood- 
vessels. Some of these blood-vessels may be new-formed, others 
are pre-existing vessels more or less altered. The alteration is 
chiefly in the direction of dilatation, or thickening of the walls. 
Angiomata are not sharply marked off &om the surrounding tissue. 
According to our definition of tumour, which makes the formation 
of new tissue an essential feature, we should exclude fix)ni the 
angiomata all vascular tumours which are produced merely by the 
dilatation or overgrowth of pre-existing vessels. 

General usage has however sanctioned a certain relaxation of 
this strict rule ; inasmuch as simple vascular dilatations extending 
over a definite region, and so giving rise to a definite tumour-like 
swelling, are universally described as angiomata. According to its 
structure the angioma is spoken of as simple or cavernous. Race- 
mose aneurysms, and racemose varices, have also been included 
among vascular tumours; and a fifth variety is furnished by 
lymphatic angioma or lymphangioma. 

149. Simple angioma (telangiectasis or simple erectile 
tumour) is a structure made up of some normal basis-tissue, con- 
taining an abnormal number of distended and altered veins and 
capillaries. 

Such formations are most firequently met with in the skin: 
they are usually congenital, and after birth merely increase in size. 
They are described as vascular naevl, and chiefly occur at places 
where foetal clefts have become closed (fissural angiomata). They 
can hardly be spoken of as tumours, for they do not raise the skin. 
A simple naevus merely looks like a level patch of a different tissue 
substituted for the normal skin. The colour is either bright red 
(n, jlamTneuSy strawberry mark), or livid (n. vinosus, port-wine 
mark). It is not usually marked off very sharply firom the 
normal tissue. Small circumscribed red specks are often found 
round the edges and in the neighbourhood of the chief patch. 
The red colour is due to the wide and distended blood-vessels, 
which are seated in the corium or subcutaneous fat. In the latter 
site they are often beset with minute sacculations. It is rare for 
such naevoid angiomata to be found elsewhere than in the skin; 
but they occur now and then in glands like the mamma, in bone, 
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and in the brain. They occur also, and more frequently, ia the in- 
terior of morbid growtl^, such as gliomata and sarcomata. 

When the vascular changes are more closely examined, by 
isolating the vessels or by making sections of the tumour, it is seen 
that they depend essentially on localised dilatations of new-formed 
or pre-existing capillaries (Fig. 41). The dilatations are fusiform, 
cylindrical, sacculated, or spherical ; and these varieties of form 




FlO. 41. BlUTED CAPILLABIEB FBOll i HIKPLH UIOIOIU OF THK BUAIN. 

{IlolaUd by removal of the batU-tiiiue ; x 300) 

are combined in all possible ways. In naevi the dilatations are 
even more exaggerated than those in the figure. They form wide 
cavities connected together by normal or but slightly dilated capil- 
laries. The walls of the capillaries are not perceptibly thicker 
than the normal: they have thus the appearance of being rather 
thin than otherwise. 

Another form of simple an^oma, best described as the hyper- 
trophic form, is made up of dilated capillaries whose walls are very 
considerably thickened. The dilatations are not usually so ex- 
treme as in the former varieties ; but the number of vessels is so 
vast that on section they seem everywhere contiguous, the basis- 
tissue being as it were thrust out of sight (Fig. 42). The 
capillary-w^ are abnormally thickened and beset with nuclei, 
resembling somewhat the walls of the arterioles. When the 
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blood is abstracted and the lumen of the vessels diminished as 
much as possible, so that the nuclei are set radially, the section 
looks very like one through the glomerulus of a sweat-gland. 




FlU. 42. SiCTlOM 

The daet of a sweftt-gUud hM been cnt mtobb at the middle of the section. 

This resemblance is further increased by the fact that the tumour 
is made up of a number of lobules or nodules separated bv fibrous 
tissue, each composed of a convoluted knot of hypertrophied vessels. 
Moreover, aa these angiomata occur in the skin, and chiefly in the 
deeper parts of the cutis and subcutaneous connective tissue, it 
Bometimes happens that the section includes actual sudoriferous 
tubules (Fig. *2). 

A third form of simple angioma is the venous or varicose 
tumour: it likewise occurs chiefly in the skin and subcutaneous 
tissues. In the forms already described the smaller veins are 
often dilated, but this feature is not marked in compuison with 
the capillary changes. In the venous angiomata the dilatation is 
almost entirely confined to the smaller veins, the anastomosing 
capillaries remaining almost unchanged. The venous dilatations 
or varices are cylindrical, ampullate, or saccular, with distinct and 
somewhat thickened walls. Haemorrhoids or piles are of this 
nature : they are tumours formed in the mucous membrane of the 
rectum near the anus, and consist mainly of hyperplastic sub- 
mucous tissue, and of blood-containing saccules, derived &x>m the 
small veins by morbid dilatation. 

BeferenceB :— Eokitansky, LeArb. d. path. Anat. 1855 ; ViECHOW, IHe 
hranJchaften OeKAvUUte ; Billroth, Arch./. Chir. n; Ldokb, Chirvrgu t. 
Pitha u. BillrolA II ; MOKOD, Etude nir Van^iome simple Faria 1873 ; Paoet, 
Swg. Path. Iiect. 28 (containing further references). 

150. The cavemoiu angtotna is distinguished irom the 
simple angioma by the fact that the tubular form of the vessels 
is more or less lost. In its fully developed form, the tumour in 
made up of a series of wide variously shaped cavities, separated 
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from each other merely by fibrous septa (Fig. 43). In section 
these cavities appear as sinuses of various me, separated by 




GONOBNITll. OAnBHOOB IKS 

{Haematoxylin itaining: 



! cavemoiu blood-apnoes 



a trabecular network of nucleated fibrous or spindle-celled tissue. 
The separation is not complete, as the spaces communicate with 
each ouier. The mass resembles greatly the corpus cavemosum of 
the penis, and is sometimes described as composed of ' erectile ' 
tissue. The walls of the cavities are lined with endothelium. 

These tumours are commonly seated in the skin, and may be 
congenital (Fig. 43). In other cases they are developed from 
simple angiomata by continued dilatation of the already dilated 
vessels. In the skin they form livid raised and sometimes un- 
even patches (Tiaevus promitiens). Among the viscera the liver is 
by far the commonest seat. Here they take the form of dark 
brown patches, not raised above the suriace, and not compressing 
the liver-tissue, which indeed they simply replace. They are 
never congenital, but are developed in advanced age when the 
liver is tending towards atrophy. It is easy to make out in 
favourable specimens that the cavities have arisen from the 
varicose dilabition of individual capillaries within the lobules, the 
liver-cells disappearing simultaneously (F^. 44). At first there 
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is no proliferation from the vessel-walls. Then several capillaries 
coalesce by disappearance of the septa, and so form larger 
cavities. When the cavernous metamorphosis reaches the border 
of a lobule, the periportal fibrous tissue forms a capsule round 
the transformed vascular mass, which a£ first has no definite 
boundary. At this stage proliferation of the tissue not infrequently 
sets in (cf. RiNDFLEiscH, Path. Hist vol I p. 163). 

Angiomata are found, though very rarely, in the kidney, spleen, 
uterus, intestine, bladder, muscles, bones, &c. 

The above account of the development of cavernous tumours in the liver 
is considerably at variance with that given by Yirchow {Die k. OeschwUlst€y 
in). Yirchow supposes that the first step is not a dilatation of the vesselsy but 
the formation of new granulation-tissue. In this the vessels and vascular 
sinuses are formed. Ziboler is unable to find anv traces of such a mode of 
genesis. He examined a liver which contained a multitude of angiomata 
varying from a scarcely perceptible speck to a tumour the size of a walnut 
All stages of development were represented, from the dilatation of a single 
capillary up to the cavernous metamorphosis of an entire lobule. Yet in no 
instance was there any sign of proliferation at starting : atrophy and dilata- 
tion only were observed. Patnb describes a remarkable case of a similar 
kind in the TVarw. Path, Soc. 1869. 

The term angioma nowadays embraces formations which are genetically 
very diverse. Some aneiomata are congenital, and are therefore oonditioned 
by some disturbance of development. Others arise from new-formed vessels. 
Others again are the result of a kind of degenerative change; vascular 
dilatation following on abnormal relaxation of the vessel- wall, or on atrophy of 
the intervascular parenchyma. Formations of this kind, produced merely by 
dilatation and cavernous degeneration, should be excludea from the category 
of true tumours. 

151. Aneuiytm by anastomosia (anastomotic or racemose 
aneurysm) is not properly a neoplasm; it is rather a morbid 
change affecting a vascular territory. The arteries of the territory 
become dilated and convoluted, while the intervening tissue 
atrophies. The pulsating growth feels to the finger like a knot of 
writhing worms. Many of these growths originate in congenital 
faults, especially those which occur in the scalp, and lead at times 
to erosion of the bone. Others are acquired, and follow upon 
mechanical injuries. The dilated arteries generally have thickened 
walls. 

The racemose or anastomotic varix is analogous to the 
racemose aneurysm. It is a common affection of the veins in the 
leg. the labia pudendi, and the spermatic cord (varicocele). 

Further details concerning aneurysm and varix will be found 
in the Special Pathological Anatomy under Vascular Affections. 

152. Iiymphatlc angioma or lymphangioma is, in relation 
to the lymphatic system, what angioma (as hitherto considered) is to 
the haemic system. The essential character of the growth is dilata- 
tion of the lymphatic vessels, associated at times with hypertrophy 
of the vessel-wall and atrophy of the intervening tissue. We may 
distinguish the various forms into simple lymphangioma or lymphatic 
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telan^ectasis, and caveiiious lymphangioma ; tc^ther with a third 
form, the cyatoid lymphangioma. As in the foregoing cases, the 
magnitude and arrangement of the dilatations may vary greatly. In 
the extreme stages actual cysts may be formed. The cavities contain 
lymph, which is generally clear and limpid, though it ia sometimes 
milky. 

The growth may be conge mtal or acquired Congemtal 
lymphatic dilatations take various forms acconiing to their seat 
which may he the tongue (macroglossia) hps (macrocheiha) skin 
(lymphatic naevus) labia &c Lymphangiectasis of the skin is not 
rare as an acquired affection it chiefly occurs m the thigh and 
thonuc. Sometimes it gives nse to considerable tumours which 
fluctuate on palpation The section represented m Fig 46 was 
taken from a tumour as large as the fist which bad formed in the 
subcutaneous fat of the thigh The dilated and sacculated 
lymphatics have their walls more or less thickened and they are 
generally embedded m the adipose tissue 




Fio 45 BnBocTANi 
{Section mounted in Canada baltaia and lEatfKiJ unth almn-eammit x 30) 
a dilated lympbatiOB d larger blood TeBsels 

b conneotive tuaoe t groups of Em&ll oellB or leooooTtei 

c adipose tiune 

If the more superficial cavities of a cutaneous lymphangioma 
should rupture a grave lyinphorrhoea may ensue The affection 
is often comphcated with fibrous hyperplasia of the skin (aa in 
elephantiasis tymphangiectodes) or of other organs 

References — Maier, LeArb d aUg path. AntU Virceow op e%t • 
Abnbiein, Vvrck ArcK vol &4 Anqer Tumors ^raOiUi l^n^ihattqiiei In. 
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Diaa PariB 1867; Ojoboewic, Arek.f. Idin. Chir. xii; Beichei., Virrh. Arch. 
YoL 46; Wegnke, Langenhedi% Ardi. f. tlin. Ckir. XX; PlNNER, CmUrtiUt. 
f. Chir. 12, 1880; PoBPELOW, Viartdjahn. f. Derm, it St/ph. 1879; Hebra 
and Kaposi, Diteatti of the Stin (Sjd. Soa) voL in ; Nieden, Virck. Arch. 
vol 90. 

h. Myoma. 

lf>3. HTOma is a tumour conBisting essentially of ne^- 
formed muscular fibres. It occurs only in certain parte of the 
body. If the fibres are non-striat«d the tumour is desciibed as a 
leiomyoma, if striated as a rhabdomyoma. 

laelomyoma (or levicellular myoma) is of frequent occuireDce 
in the uterus, leas frequent in the muscular coats of the intestine. 
It takes the form of a spherical nodulated growth, not uolike a 
fibroma. The smooth muscular fibres form bundles (Fig. 46), which 
are plaited and interwoven. They are usually surrounded by abun- 
dant fibrous tissue, which binds the fibres and the bundles together. 
If the fibrous tissue form a considerable part of the bulk, the 
tumour is described as a flbromyoma. Most of the uterine 
' fibroid ' tumours are of this nature. The fibrous bands are white 
and lustrous, the muscular elements are pink, or reddish grey, 
or white. It is often by no means easy to distii^uish the 
muscular elements &om the purely fibrous. To make an exact 
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FlO. 46. SlOTIOH TBBODQB 1 LBIOKTOlt* {JTOn PBRIS). 

The Doolei ore shown partly lengthwise, pftrtlj ant aetOM. 
determinatioD, it is advisable to isolate the muscle-cells by 
teasing while the preparation is fresh. The isolation is easier if 
small fragments of the tumour have been steeped for twenty-four 
hours in a 20 per cent, solution of nitric acid, or for twenty to thirty 
minutes in a 34 per cent, solution of caustic potass. The nuclei of 
the muscle-cells are then easily recognised. Under the microscope 
the muscle-fibres are distinguished by their rod-like nuclei (Fig. 
46) and by the regular structure of the tissue they form. In 
cross-section the muscle-spindle is seen as a small polygonal area 
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enclosing the rounded section of the nucleus. Leiomyomata are 
invariably innocent; though they may cause danger by their 
tendency to bleed. They are liable to fatty change and to 
softening, which may lead to their disintegration or putre&ction, 
or to cystic excavations. Calcification is not infrequent 

On the nature of so-called uterine * fibroids ' see Bristowe, TraiM. Patfu 
Soc. 1853 ; Oldham, Ouys ffosp. Rep, (2nd series) vols. 2, 8 ; Williams, Lan- 
cet 1, 1880 ; Courty, Dis, of Uterus London 1882 (contains fiill references). 

Rhabdomyomata are very rare. They are hardly ever 
made up entirely of striateid muscular fibres. In cellular 
sarcomatous tumours, chiefly of the kidney and testis, spindle- 
cells with more or less perfect striation are found associated 
with smooth muscle-fibres (mymarcomata). It is probable 
that such tumours (which are found only in children, and are 
of great size) are due to foetal deposits of muscular elements 
in the rudimental kidney and testis. 

References to the literature of rhabdomyoma are given by Huber and 
BosTROM {Arch. /. kliru Med, xxin). The name is due to Zenker : Virchow 
uses the term striocellular myoma. See also Eberth, Virch, Arch, vol. 55 ; 
CoHNHEiM, Virch. Arch. voL 65; Marchand, Virch. Arch. vol. 73; Kocher 
and Lanqhanb, Deut. Arch./. Chir. ix; Brodowski, Virch. Arch. vol. 67. 

t. Neuroma. 

154. If euroma is a term which in strictness should be applied 
only to tumours composed essentially of new-formed nerve-fibres. 
What we are accustomed to describe as neuroma is a growth 
occurring indeed in a nerve, but due to multiplication of the cells 
of its neurilemma and perineurium, not to the formation of new 
nerve fibres. It is generally a fusiform, oval, or cylindrical out- 
growth, whose axis may coincide with that of the nerve, or deviate 
laterally. Such tumours are very often multiple, and may affect 
either single nerve-territories or the entire system. Neuromatous 
nodes may also occur in the central nervous organs : they may be as 
large as a hen's egg, or (rarely) larger. If the nodular changes affect 
an entire nerve-territory, a network of coarse bands and nodes may 
be formed. This form has received the name of plexiform neuroma 
(Yebneuil). Sometimes painful nodular growths form at the 
ends of divided nerves, as in amputation-stumps. They are spoken 
of as amputational neuromata. 

Almost all of these varieties are false neuromata: they are 
really fibromata and myxomata of the connective tissue of the 
nerve, unassociated with any multiplication of its nerve-fibres. The 
latter indeed are compressed and atrophied. This is tnie of the 
multiple varieties as well as of the amputational neuromata. The 
latter are in most cases due to inflammatory fibrous hyperplasia. 

It is asserted however that, in some neuromatous tumours, 
a true new-formation of nerve-tissue may occur. Amputational 
neuromata have furnished examples of this, as well as the tumours 

14—2 
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of various sizes which develope in the continuity of a nerve without 
any discoverable cause. These then would be instances of true 
neuroma. 

Nerve-fibres are said to multiply by subdivision and by off- 
shoots. According as the new-formed fibres are meduUated or not, 
we have the varieties myeline neuroma and amyeline neuroma. 
Neuromata are entirely innocent: they never give rise to 
metastases. It has been shown that the multiple faJse neuromata 
are apt to be inherited, or at least to depend on some congenital 
&.ult. (See Special Pathological Anatomy of the Nerves.) 

References: — Yirchow, op, cit. and Gesammelte Abhand.; Smith, On 
Neuroma; Perls, Hwndh. d. aUg, Path,; Verneuil, Arch, g^ de mid voL 
18 (5th series) ; Czerky, Arch, f, Idin, Chir. xvn ; Sotila, Prager Viertdjdkrs. 
36, 1877; Perls, ArcLf, Ophthalm. xix; P. Brunb, Virch, Arch, voL 50; 
VON Reoklinqhausen, Ueber d. muUiplen Fihrome d. Haut Berlin 1882. 

j, Lymphonui a/nd Lymphosarcoma, 

155. Lymphoma is a comprehensive term^ and includes 
formations which are not strictly tumours, but rather hyperplasias 
of the tissue proper to lymphatic glands — ^l3nnphadenoid (or briefly 
adenoid) tissue, as it is called Lymphoma, as a neoplasm, would 
imply the development and deposit of new lymphadenoid tissue 
in the form of a tumour within a lymphatic gland, a follicle, or 
some other structure of the connective-tissue group. In what is 
usually called lymphoma, this does not happen. What does 
happen is — that the tissue of the l3nnphatic gland or follicle 
increases in size because the l3nnphoid cells it contains are 
multiplied, while the reticular tissue undergoes hyperplasia. The 
process is often inflammatory in character, and shomd then be 
classed with the inflammations: in other cases the lymphoid 
hyperplasia seems to begin idiopathically, i.e. without any cause 
hitnerto discovered. It .may often be doubtfiil whether the 
increased growth of a lymphatic gland should be regarded as 
neoplastic or as hyperplastic. Many cases of lymphoma, especially 
the leukaemic kinds, seem referable to hyperplasia. The lymphatic 
glands, l3nnphadenoid structures of the intestine, and lymphoid 
follicles of the spleen, all maintain their structure as they grow in 
size, or alter but slightly. Moreover the functions of the glands 
seem to be more actively performed. This does not seem to 
indicate that they are invaded by anything of the nature of a 
neoplasm. 

In addition to the hyperplastic l3nnphomata, there is a true or 
heteroplastic tumour whose structure agrees with that of lymph- 
adenoid tissue. As the term l3nnphoma has been perverted to 
describe the hyperplastic formations, we may do well to distinguish 
the genuine tumour as lymphadenoma or lymphosarcoma. This 
latter title corresponds with the £act — ^that the tumour agrees in 
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its characters with the sarcomata. It wiU therefore be ti«ated 
in connezioii with them (Art. 168). 

The relations of iTmpfaomft and Ijinphadenoma to Hodgkin's disease aod 
to leukaemia are discussed in the Special Pathological Anatomy. 

Recent reeearches bare shown that Ijmphadenoid tissue is in normal 
conditions widelj distributed throughout the Dodj. The overgrowth of some 
such normal deposit may simulate a heteroplastic formatioo. 

k. Sarcoma. 

156. The laroomata are tumours constructed on the type of 
the connective tissues, in which however the cellular constituents 
predomin&te over the intercellular substance. In this respect they 
resemble the immature connective tissues ; so that the comparison 
of sarcoma to embiyonic formative tissue is perfectly apt. 

Sarcoma originates invaxiably in a structure belonging to the 
connective-tissue group ; t. e. in formed or unformed fibrous tissue, 
in cartil^inous, bony, mucous, lymphoid, neun^liar, or adipose 
tissue, '^e tnuisformation of Uiese into tumour-tissue is e£fected 
by the growth and multiplication of the constituent cells. 

In favourable circumstances it is possible to follow up this 
mode of genesis histologically. At the advancing margin of a 
growing tumour we may find all kinds of transitional cell-forms, 
nom the small cells of the normal connective tissue to the la^e 
celts of the tumour. Fig. 47 represents the advancing margin of a 




Fio. 17. BionoK thbodoh ise adtukhno miboih or l biuu, suuMiuTaira 

SOnXILX FBOK THB KAHHA. (x 300) 

a flbronH tissue d cells with hfpertrophied nuclei 

b cells of the saTOomatooB tissue e maltinnclear eella 

e sm^ler oellB 

small sarcomatous nodule from the mamma, and in it the vuious 
stafea of development can be made out. Enlarged and swollen cells 
(c) lie beside the small cells of the fibrous tissue (o) : others with 
enormous nuclei (d), or with several (e), are also noticeable. At 
the same time the number of the cells is vastly increased. 

In bone and cartilage it is possible to demonstrate the sub- 
division and multiplication of the fixed cells even more clearly than 
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in connective tissue. The multiplication sometimes occurs in the 
substance of non-vascular cartilage or bone away from the me- 
dullary spaces, and thus the part played by the individual cells 
within their cavities is very readily followed (Ziegler, Virch. 
Arch. vol. 73). In connective tissue it is less easy to exclude the 
possibility of cell-infiltration from neighbouring parts. ViRCHOW 
has thus shown that sarcoma-cells may arise by proliferous 
multiplication from connective-tissue cells of perfectly normal 
aspect. This is the process in a large number of cases ; but it may 
vary to this extent — ^that the development begins in tissue which 
is already morbidly altered. Thus new-formed cartilage may pass 
into sarcoma by over-intense proliferous growth of the cartilage- 
cells, and disappearance of the matrix-substance. 

It is of great interest to note that cells, which form part of 
what we might call congenital heteroplastic foci, may often serve 
as the starting point of a sarcoma. Congenital warts and pigment- 
spots are specially remarkable for this. The transformation into 
sarcomatous tissue is effected by the growth and multiplication of 
the nests of cells that are always found in such spots. 

Summing up what we know of the development of sarcoma we 
may say — that sarcomatous tissue may arise either icom connective 
tissues which up to then seem normal, or frx)m tissues that are 
to be regarded as already morbid. 

References on the genesis of Sarcoma : — Yirchow, Die kr, OeschvmUU n ; 
R. Maier, AUg.path. AncU.; Perls, Alia. pcUh. Anat.; Bizzozero, JM. 
Jahrb. 17, 1878; Billroth, Arch./, klin. Chir, xi; Steudenbr, FtrcA. Arch, 
voL 69; SoKOLOw, Virch, Arch, voL 57; Cornil and Ranvier, Man, Path. 
Hist, vol. I. 

167. The form and mode of growth of the cells varies much 
in different varieties of sarcoma. The intercellular substance is 
sometimes scanty, soft, and stringy: in other cases its texture 
approaches that of the mature normal tissue. The various 
varieties are distinguished according to the constitution of the 
ground-substance as well as of the cells, but chiefly of the cells. 
That constituent is taken as characteristic, which prevails in the 
tumour in question. Seeing that a sarcoma is continually in 
process of growth, it always contains some parts which are as yet 
immature, and merely represent an earlier stage of development 
of the tumour. In settling the classification of the tumour such 
parts are not taken into account. 

The texture of the sarcoma, as made out by the unaided eye, 
varies much in the different forms. In its mature condition 
it is generally more or less sharply marked off firom its surroundings. 
It may occxir in any locality where connective tissues are found, 
but the frequency of its occurrence is different in different tissues. 
Thus it is much commoner in the skin, fisisciae, intermuscular 
fibrous tissue, bone, periosteum, lymphatic glands, brain, and 
ovary — than in the liver, lungs, intestine, or uterus. 



CH.IXV1.] MESOBLASTIC TUMOURS. BOUND-CELLED SAKCOMA. 216 

The amount of intercellular substance present chiefly determineB 
the consistence and the tint. Forms which are soft, marrowy, and 
white or greyish-white on section, are rich in cells and poor in 
intercellular suhstance. Firm and coarse-grained forms are 
poorer in cells and abound more in fibrous intercellular tissue. 
The latter kinds pass without any break into the fibromata. 
Intermediate forms are described as flbrosorcomata. The 
cut sur&ce of a sarcomatous tumour has a uniform look through- 
out; unless indeed it has undergone retrogressive changes, 
or the amount of blood in it varies fix>m part to part. It looks 
evenly smooth, in medullary tumours milk-white, in firmer kinds 
clear greyish-white and translucent, or greyish-red or brown. The 
hard forms are white or yellowish-white, and lustrous on section. 

The blood-vesaela are variously developed : now and then they 
are exceptionally wide and numerous, or even irregularly dilated, 
as in telangiectatic sarcoma. Lymphatics have not been shown to 
exist in sarcomata. 

Ketrogressive changes are apt to happen, such as fatty change, 
mucoid change, liquefaction, caseation, disintegration, haemorrhage, 
putrefaction, ulceration, &c. 

158. Rotind-oelled ■arcoma. The small-round-celled sar- 
comata are very soft rapidly-growing tumours. They chiefly occur 
in the connective tissues of the locomotive and skeletal system ; 
as also in the skin, testis, ovaiy, and lymphatic glands. They are 
usually milky white on section, and not in£requently contain 
softened or chees3rpateheB. A milky juice can be got by scraping 
the cut surface, "nieir structure is very simple : it consists almost 
entirely of round-cells and vessels {Fig. 48). The former are 
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fflnall and &a^Ie, have but little protoplasm, and enclose a rounded 
or slightly oval vesicular nucleus (Fig. 48 c). This nucleus seems 
more nighly developed thaji it is in ordinary lymphoid cells. 

The intercellular substance is scanty, and fibro-granular in 
texture. The vessels appear as thin-walled channels between the 
groups of cells. In the case of an invaded muscle, such as that in 
^e ngure (Fig. 48), the tumour seems to consist of an aggregation 
of round-cells (Fig. 48 6 c) seated in the intermuscular connective 
tissue. Lymphoid elements are not inirequently found mingled 
with the tumour-cells: their nuclei (Fig. 48 a) are easily dis- 
tinguislied by the fact that they take a deeper staining thui the 
other elements. 

A second variety of small-round-celled sarcoma is the so-called 
lymphoiarooma. It is a sarcoma whose structure somewhat 
resembles that of a lymphatic gland. There is a kind of reticular 
stroma (Fig. 49 a), made up m part of anastomosing ramifying 
cells (Fig. 49 b) ; and this contains a multitude of round-cells 
in its meshes. If a small piece of the tumour be first shaken up 
in a test-tube with some liquid, so that the cells drop away, the 
fttnicture can then be easily made out under the microscope. 
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The tumour has the same general appearance as the c 
Bmall-round-celled variety. Both forms are highly malignant, 
partly because of their rapid growth, partly from tneir tendenev to 
give rise to secondary growths, which may affect the entire body. 

Lymphosarcoma most commonly originates in lymphatic glands, 
and in the lymphadenoid tissue of the mucous membranes. It 
may however arise elsewhere. When it attacks a lymphatic gland, 
it may be distinguished from mere hyperplastic lymphoma by 
its rapid growth, and by its tendency to overpass the limits of the 
glandi and to form metastases. 
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169. Large-round-ceUed sarcomata are made up of cella 
considersbly larger than those of the varieties just described. They 
occur in the same localities. They are not quite so soft, in texture. 
Their cells are often uniformly lai^e, and have an abundant proto- 
plasm and large oval vesicular nuclei (Fig- 50). Many of the cells 
are binuclear, a few are multinuclear. The intercellular substance 
is arranged in a kind of network, interspersed with fusiform and 
ramified cells. Together they form an alveolar reticulum in whose 
spaces lie the large epithehum-like round-cells. On account of 
these characters Billroth has described the tumour as a ' laige- 
celled alveolar round-celled sarcoma.' The vessels have usually very 
thin walla. 

In the other varieties of large-round-celled sarcoma, the cells 
are very unequal in size. Fig. 51 represents a section of a 
mammary sarcoma in which the cells are for the most part round ; 
but their sizes vary greatly, and there is a partial admixture of 
elongated cells, as well as of multinuclear giant-cells (e). If Ihis 
last oe taken as characteristic, the tumour may be called a giant- 
celled or mrelold aarcoma (Art. 160). 

The large-round-celled sarcomata are generally less malignant 
than the small-celled kinds; but they likewise may form meta- 
stases. The patient from whom the tumour represented in Fig. 60 
was taken di^ from metastatic growths. 
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160. Splndle-oelled ■arcoma (including forms with ramified 
multiform cells, and fibrosarcoma). Sarcomata consisting of spindle- 
shaped or ramified cells are among the most common of all 



218 TUMOUES. [sect. VI. 

tumours. They are usually much firmer in texture tlian the 
round-celled forms. Od section they look greyish or yellowish- 
white, and translucent ; if the vessels are full of blood they may 
accidentally be tinged with red. They are generally speaking 
much less malignant than the round-celled sarcomata, but this 
depends somewhat on where they are seated. 

Sarcomata in which spindle-cells predominate are called briefly 
spindle-celled sarcomata: they are divided into large-celled and 
small-celled varieties. The cells may be more or lesB isolated by 
teasing out fragments of the tumour-tLBsue, and in this way very 
long spindle-cells may occasionally be found (Fig. 52). Tney Ue 
side by side in the tumour, and group themselves into bundles. 
In a section these bimdles may be seen cut through lengthwise, 
crosswise, or slantwise ; which shows that they run in divetse 
directions through the growth. 

The grouping of the spindles into definite bundles is often very 
striking i but sometimes there is no such grouping, the spindles 
all lying parallel to the same direction throughout a considerable 
area. Sometimes also the arrangement of the spindles seems 
to depend on the direction of the vesseb, the bundles forming 
a kind of sheathing to each vessel. 
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The intercellular Bubstance may be very scanty, or altt^ther 
imperceptible in a section. In other cases it is abundant, and 
shows a kind of fibrillated structure. Tbe cells are then poorer in 
protoplasm ; so much so in fact that there is often none to be seen 
around the nucleus, and the cell-proceases seem to start &om tbe 
nucleus itself (' nuclear fibres '). Such tumours are firm and coarse- 
grained, and approach the fibromata in texture. They are called 
flbroiBxoomata. 

Sarcomata whose cells are of several diverse forms are equally 
common. Their cells are spindle-shaped, pyramidal, prismatic, 
stellate, or altogether irregular (Fig. 53). Each cell seems in fact 
to take the form of tbe space which is left to it to fill. Sarcomata 
of this kind, as also the spindle-celled kind, usually contain s 
larger or smaller number of giant-cells (Fig. 53), These tumours 
are perhaps more properly described a£ giant-celled or myeloid 
sarcomata than those referred to in Art. 169. They chiefly aflTect 
the osseous system. 

The vessels of a sarcoma have generally walls which are quite 
distinguishable. In some cases however they have the appear^ice 
of canals excavated in the substance of the tumour, tbe tumour- 
cells themselves bounding the lumen of the vessel. Here it 
would seem as if the tumour had in part arisen from multipli- 
cation of the cells in the original vessel-wall. 

161. Sarcomata of peculiar type^L Sarcomata do not 
usually exhibit any special structure, or any resemblance to a 
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glandular type. The cellular elements, even when they seem to 
resemble epithelial cells, are dispersed uniformly throughout the 
intercellular substance, as in the connective tissues. There are 
however exceptions to this in special cases. There are sarco- 
mata which have a structure resembling that of gland-tissue, or 
of epithelial new growths. This appearance of structure is due in 
part to the epithelial look of the cells, but chiefly to their aggre- 
gated arrangement in groups separated by fibrous septa. Such 
tumours are described as idYeolar sarcomata. Fig. 54 repre- 
sents a section from an alveolar sarcoma of the skin. 

The cells a exactly resemble epithelial cells : they are grouped 
into masses, and sharply distinguished from the fibrous fraucnework 
(e) in which they are embedded. This latter contains the blood- 
vessels, or rather the framework is chiefly made up of a network 
of blood-vessels; but no vessels enter the cell-group. This is 
another point of structure in common with the epithelial growths. 

Tumours of this kind occur chiefly in the skin, but they are 
also met with in the bones, lymphatic sflands, and pia mater. In 
the case of the skin they origi^te in wart^ and pigment^ts, 
which generally contain such groups or nests of cells (Arts. 156 
and 398). 

The way in which the alveolar structure is developed can often 
be clearly made out, especially in tumours of the central nervous 
system. The nonnal intervascular tissue is transformed into 
masses of sarcoma-cells, while septa are formed between the cell- 
masses by the fibrous tissues lying along the course of the vessels. 
In other cases it looks as if a plexus of pre-existing or new-formed 
vessels took on as it were an investment of cells, and this grew 
thicker and thicker till at length the intervascular spaces were 
entirely filled up. Accordingfy we find this form of growth 
described as plexiform angiosarcoma. It has also been described, 
and not infrequently, as endothelioma. On this view the oell- 
nests arise by proliferation from endothelial cells. This certainly 
happens when masses of cells are formed from the endotheli^ 
covering of the subarachnoid meshwork and pia mater: the 
masses afterwards group themselves into ' nests '. Sometimes the 
proliferous endothelial cells of the pia mater are aggregated into 
small spherical nodules of a peculiar lustrous appearance. The 
tumoiu* into which the membrane is transformed then contains 
small shining pearlv bodies, made up of laminated layers of squa- 
mous or tabular cells. Such tumours have been called cholestea- 
tomata or pearly tumours. 

The expression 'plexiform angioBarcoma' is due to Waldeter {Virch, Arch. 
voL 55). The vessels of the brain, lymphatic glands, serous membranes, and 
testis possess what is called a peritheliimi : that is, the adventitia is invested 
with endothelial cells. Proliferation begins in the cells of this peritheUum, 
and the vessel is thus invested with a stratified covering. See Kolaczek, 
DetUsdie Zeitsch,/, Chir, ix ; Maurer, Virch, Arch. vol. 77 ; Neumann, Arch. 
cL HeUk. 1872 ; Klebs, Prater Viertdjahrsschr. 1876. 
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It is still a nuktter of dispute whether the cholesteatomata are really 
endotheliomata of the pia mater (Eppinger, PrcLger ViertelJahrsBchr. 18751 
The^ may possibly belong rather to the dermoid tumoqrs (Art 178). 
Similar growths are met with in the middle ear (Wendt, Arck d. Heilk. 14, 
1873; LucAE, Arch,/. Ohrenheilk. (New Series) 1, 1874). Some regard them 
as tumours, others (with Wendt) as inflammatory products. 

162. Sarcomata i^hich contain deposits of pigment are de- 
scribed as melanosarcomata (Fig. 54). The pi&;ment is black or 
brown, and lies partly in the tumour-cells, partly in the fibrous 
matrix and vessel-walls. It occurs chiefly in the form of amorphous 
granules; but there are generally a number of diflFiisely stained 
cells as well. Melanosarcomata are malignant. 

When the pigmentation is not extreme the tumour has on 
section a brownish grey look, or it may only show patches of 
brown or black. In more marked cases the section is uniformly 
black. Very often the secondary growths are more intensely pig- 
mented than the primary tumour, and this is also the case m 
growths that have recurred after resection. Tumours of this kind 
develope in tissues like the eye and pia mater, which normally 
contain pigment-cells, or in pigmented pathological formations. 
The black pigment-spots (melanomata) of the skin are of this 
latter class : it has already been mentioned that they contain 
peculiar clusters or nests of cells (Fig. 54). 

We do not know in what way the pigment is formed (Art. 67). 
It is not to be confounded with the brown pigment derived firom 
extravasated blood. Patches stained with this blood-pigment are 
sometimes found here and there in a sarcomatous growui, but the 
true melanotic pigment is something quite distinct. 

PBammomato, like melanosarcomata^ are growths which arise 
in certain definite tissues, and but rarely anywhere else. They are 
sarcomatous, fibrous, or myxomatous tumours originatmg in the 
brain and its membranes, more particularly in the choroid plexus 
and pineal gland, and containing a multitude of chalky concretions. 
These have the same structure as the grains of the normal brain- 
sand {acervulus cerebri). They are made up of concentric calcareous 
strata, and form spherical or dendritic aggregations. They may be 
so abundant as to give the tumour a stony feel. 

We may here just mention the variety of sarcoma called chloroxna. It is 
a cellular tumour, whose section has a light green or dirty brownish green 
tint. The colour soon fades on exposure to the air. Nothing is known of the 
nature of the colouring-matter. Chloromata occur chiefly in the periosteum 
of the skuU. See Huber, Arch, d, Heilk. 1878. 

163. Some very peculiar forms of tumour are produced when 
sarcomatous tissue undergoes partial hyaline or mucoid degenera- 
tion; or when sarcomatous and myxomatous formations combine. 
They are generally included under the term cylindroma, though 
this may also be applied to tumours of another species in which 
epithelial cells are mvolved (Art. 173 Fig. 72). 

The ordinary soft cellular sarcomata have now and then a more 
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translucent appearance than usual, 
and yield on section a turbid slimy 
juice. These have already begun 
to undergo mucoid change, as may 
be recognised by the swollen ap- 
pearance of the cells, and the for- 
mation of drops of liquid within 
them. When the tissue has been 
hardened the change is not so easily 
made out. The cells then seem 
shrunken (Fig. 55 b), and separated 
from the stroma (a) by a clear 
zone. Sometimes a few distended 
and transparent nuclei are observed, 
their protoplasm having become 
mucoid and so vanished. 

This mucoidchange mayat times 
extend throughout the entire sub- 
stance of the tumour ; or it may be 
confined to scattered patches, sepa- 
rated by unchanged cells. Isolated 
hyaline spherules are occasionally 
noticed among the cells. Such par- 
tially degenerate sarcomata we may describe as myxomatodei. 

The tumours in which sarcomatous and mucous tissue are found 
combined have on section either a hyaline or an opaque dirty 
white appearance. The mucous tissue is partly composed of a net- 
work of ramified and anastomosing cells (Fig. 66 a), in addition 
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to a mucoid basis-substance. Witbiu this tissue lie also branching 
clumps and strings (b) made up of closely compacted cells. These 
strings are very irregular in form and anastomose in all directions ; 
they give the tumour a very peculiar texture. Its general structure 
justines the name of myzoiarcoma, which has been appUed to 
it- It forms, as has been said, a subdivision of the class of cylin- 
dromata. It is not clear, &om a histological point of view, in what 
way the clumps and strings of cells are formed. They seem to 
have no relation to the nmiifications of the vessels, for these are 
seen to be unchanged, and run through parts where the fibrous 
tissue has undergone no d^eueration. 

A third variety of cyUnoromatous tumour, also somewhat trans- 
lucent and in part gelatinous, is characterised by the hyaline 
dc^neration which affects the walls of its vessels and the tissue 
around them. If one of these vessels be isolated, it is seen to be 
invested with a more or less abundant deposit of hyaline substance 
(Fig. 57 a). To this sheath are attached similar hyaline appen- 
dages not traversed by vessels. Outside the hyaline sheaths, 
alternating with them m fact, are nesta and strings of cells which 
here and there seem fastened or anchored to the hyaline masses 
(Fig. 67 b). The strings of cells have much the same look as 
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those shown in Fig. 56, and we infer that the tumour in question 
is allied to the myxosarcomata just described. The homogeneous 
appendages are the result of hyaline degeneration of the vessel- walls, 
or of the neighbouring tumour-cells; and this hyaline degeneration 
is either identical or connected with mucoid d^eneratioiL The 
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fact that actual mucous tissue (like that in Fig. 56) is occasionally 
found mingled with the hyaline masses tells in favour of this view. 

This form of cylindroma may therefore be regarded as a peculiar 
variety of myxosarcoma, in which the mucoid change is chiefly 
confined to the vessels, and in which the formation of new vessels 
is an essential feature. To emphasise the important part played 
by the vessels in this neoplasm, we might call it angiosarcoma 
msrxomatodeB. 

Such growths have been found principally in the lacrimal 
glands, sidivary glands, and in the brain. They occur however 
elsewhere, as in the lip, placenta, adipose tissue, &c. 

Cylindroma is a term due to Billroth {UrUertuch, fiber die Entwick. <L 
Blutgefdsee 1856). Such tumours, charactensed by gelatinous masses and 
reticukt, have since then been very variously interpreted. Kosteb described 
them as cancroids {Virck, Arch, voL 40); Sattler {Ueb. d, sogen, Cylindrcme 
Berlin 1874) as alveolar sarcomata, in which the cell-masses derived by 
proliferation from the adventitia had been transformed into hyaline cylinders ; 
EwBTZKT {Vvrck, Arch, voL 69) as plexiform angiosarcomata with hyaline 
degeneration of the fibrous stroma, or of the adventitia of the vessels. R. 
Maier ( Virch, Arch. voL 14, and Lehrh. d, aUg, path. Anat.) found cylindro- 
mata in the placenta and dura mater: he regarded the presence of an 
abimdance of hyaline mucous tissue persisting for a long period unchanged 
as characteristic of the tumour. This tissue may develope out of cells or out 
of intei*cellular substance, fibrous tissue, cartilage, or tmnca adventitia. 

Various tumours have been describied as cylindromata which certainly do 
not all belong to the same species. A number of them belong to the sarcomata. 
Within this group we may, as we have said, distinguish two main forms ; first, 
the combined sarcoma and myxoma, and secondly, the sarcoma with hyaline 
or mucoid degeneration extending to ibe cells, but chiefly afiecting the sheaths 
of the vessels. Between these two, however, many transitional forms are found. 

I, Mixed tvmofu/ra of the connective-tissue group. 

164. We have already referred to various tumours in which 
combinations of dififerent tissues present themselves. In one sense 
no tumour can be said to consist of a single kind of tissue only. 
In a new growth of any size we must always have new vessels, 
for instance. And tumours whose characteristic element is not 
fibrous tissue — ^such as chondromata, osteomata, sarcomata, myo- 
mata, and myxomata — always contain a very considerable quantity 
of fibrous tissue as an accessoiy. 

We do not speak of such cases as examples of mixed tumours^ 
because the accessory tissue is as it were put out of sight by the 
characteristic element: it is entirely subordinate. But tS the 
second tissue comes into the foreground and affects the texture of 
the growth in a perceptible way, we must indicate this in our 
termmology. This is done by applying to the name of one 
neoplastic tissue the name of the other as a qualifying term ; or by 
simply combining the two names into a compoimd word. Thus, as 
in gliomata and fibromata, the blood-vessels may be remarkable by 
their abundance, size, and dilatations ; we then speak of the growtL 
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as a glioma (or fibroma) telangiectodes or cavemosum. A morbid 
combination of adipose tissue with mucous tissue is called lipoma 
myxomatodes or lipomyxoma ; a combination of cartilage and sar- 
coma — chondrosarcoma ; and so on. It is not rare for three or more 
kinds of neoplastic tissue to be found within the same tumour. A 
growth which starts in fascia or intermuscular fibrous tissue may 
consist, for example, of fibrous, sarcomatous, mucous, and adipose 
tissue ; there may even be vascular changes here and there which 
give it a telangiectatic character. Such a combination is ' not 
very surprising. The neoplastic proliferation may itself result in 
the development of several diverse tissues — or, what is more 
common, the tissues of the connective group become transformed 
the one into the other. We shewed, for example, in Arts. 90 — 92, 
that cartilage readily passes into mucous tissue, which is also 
frequently produced from fibrous or adipose tissues. Sarcomatous 
tissue may easily be the result of proliferation of the cartilage of a 
chondroma, or the fibrous tissue of a fibroma; and conversely, 
sarcomatous tissue may equally well be transformed partially into 
osseous tissue. Tumours originating in bone are very apt to show 
a tendency to bone-formation. There are two forms especially in 
which this often occurs — namely, osteoid chondroma, a combination 
of cartilage and bony tissue; and osteosarcoma, a combination 
of sarcoma and bony tissue. 

165. Osteoid chondroma (or osteochondroma) chiefly affects 
the larger long bones. If no sarcomatous proliferation has modi- 
fied it, it usually forms a hard tumour seated on the bone or 
embracing it. It often reaches an enormous size ; and cannot be 
cut with the knife, unless a patch of unaltered cartilage be hit 
upon. When sawn through, the cut surface has the look of 
dense white continuous bone : on closer examination this is seen 
to be interspersed with streaks and islands of more translucent 
cartilage. Fig. 58 shows well the general texture of the growth and 
its matrix, and its relation to the bone. The section represented 
is taken from a tumour of the humerus. The tumour was very 
firm and bony, and surrounded the bone so as to double its 
diameter. It was found on dividing the bone longitudinally that 
the medullary spaces were filled with firm tumour-tissue of the 
same structure as the periosteal growth. The original bone was 
only recognisable in the region of its cortical layer. Fig. 58 
represents a section taken at right angles to the axis of the 
bone, and including the periosteal growth, the cortical layer, and a 
part of the altered cancellous tissue. 

We find instead of periosteum a mass of cartilaginous tissue (g) 
interspersed thickly with bony trabeculae (h). These run generally 
at right angles to the surface of the original bone, but anastomose 
freely. Small lacunae and canals are seen throughout the cartilage; 
they contain a few blood-vessels and a small amount of fibrous 
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tissue. The cortical layer (o) is still distinguished by the 
concentric stratification of the lamellae. Many of its Haveisian 
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canals are dilated and filled up (except for a small lunten in which 
the blood-vessel runs) with masses of cartilage. These masses 
sometimes contain b^becular cores of new-formed bone (/). In- 
stead of tbe marrow, which should fill the interior of the bone (6), 
we find vascularised cartilage also containing numbers of trabeculae. 
The genesis and primary seat of the growth may thus be made out 
at once from this preparation. Cartilaginous proliferation has 
been set up in tbe periosteum and in the medullary tissue, and the 
product has subsequently been partially transformed into bone. 

Osteosarooma has au exactly analogous appearance. The 
difference is merely that sarcomatous tissue tills the spaces between 
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the trabeculae instead of cartilage. The trabeculae are at the 
same time more delicate and less numerous. The seat of the 
tumour (as is the case too with osteoid chondroma) is often 
confined to the periosteum. The bone is then more or less 
eroded. 

Befereuces : — Muller, Midler's Arch. 1843 ; Virchow, Die kr, Oeschtmilste 
I ; RmDFLEiscH, Path. Hist, ii ; Wilks and Moxon, Path, anat, London 
1875 ; Paget, Sury. Path. Lect. 33. A summary of cases and some beautiful 
drawings of sarcomatous tumours connected with bone will be found in 
BuTUirs Sarcoma and Carcinoma Loudon 1882. 
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CHAPTER XXVn. 



EPITHELIAL TUMOURa 



166. The tumours we have hitherto treated of have been de- 
veloped out of tissues belonging to the connective-tissue group ; 
in other words, out of tissues derived from the mesoblast. The 
tumours we have now to deal with contain in addition epithelial 
elements, that is to say, structures derived from the epiblast and 
hypoblast. These epithelial elements are in fact the structures 
which give its special character to the class. The tumours of the 
class are therefore very fitly comprehended imder the one title of 
epithelial neoplasms. All of them consist of epithelial cells on the 
one hand, and of vascular connective tissue on the other. The latter 
tissue goes to form the framework or stroma in which the epithelial 
elements are embedded. The type or plan of their constructioii 
is that of the simple gland, and they maintain the resemblance 
throughout many of the phases of their development. They thus 
call to mind in many ways the various glands of the body ; though 
the degree of resemblance differs much in the different forms. 

Some of them are built exactly on the plan of some particular 
gland : the new-formed tissue corresponds to a definite glandular 
type. Tumours of this kind we call adenomata. 

Another group never reach this perfection of structure. They 
exhibit as it were only the first stage of the gland-making process. 
Epithelium and fibrous tissue interpenetrate each other in an 
inchoate way. The process is never carried higher, but the crude 
formation is repeated and reproduced indefinitely. By multiplica- 
tion of the epithelial cells we have produced nests and clusters 
and strings of cells, and these are imbedded in connective tissue 
whose elements are likewise multiplying. The result is a neoplasm 
consisting of a fibrous network or firamework, in the meshes of 
which are lodged a multitude of variously-shaped epithelial cells. 
But there is no orderly arrangement of these epithelial cells. In 
the adenomata they tend to clothe the walls of the alveoli in a 
regular way, leaving open a central lumen as in the acinus of a 
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gland. In the tumours now considered the cells remain in com- 
pact irregular masses. Epithelial tumours of this kind, in which 
the glandular type is most imperfectly followed, are described as 
carcinomata or true cancers. 

Adenoma and carcinoma are generally malignant. They tend 
to invade the surrounding tissues ; and, by the channels of the 
lymph or of the blood, are apt to affect distant regions and 
produce metastases. But the degree of malignancy varies greatly ; 
it depends not only on the histological structure of the growth, but 
to an even greater extent on its locality. 

The definition we have given of adenoma and carcinoma is based partly on 
their histology, partly on their mode of genesis. From the morbid anatomist's 
point of view this is the only correct mode of definition. Tmnours containing 
none but mesoblastic cells may and do correspond in their general structure 
with others, in which imdoubted epithelial cells form the characteristic 
element ; and for this reason a merely anatomical method of diagnosis would 
be insufficient. If carcinoma be defined as an alveolar tumour composed of a 
fibrous network containing nested cells, it is impossible to separate between 
carcinoma and alveolar sarcoma. It is owing to this purely anatomical mode of 
definition that we have had controversies as to whether carcinoma really depends 
upon epithelial proliferation, and whether cancers may not have their origin 
in fibrous structures. Such controversies become irrelevant if we base the 
distinction on histogenetic grounds. A tumour is to be called carcinomatous 
only when the epithelial elements take an active part (as above described) in 
its formation. A connective-tissue tumour which has ostensibly the same 
structure, but whose mode of genesis is entirely different, is to be distinguished 
as an alveolar sarcoma. 

a. Adenoma, 

. 167. Adenoma is a tumour constructed after the type of a 
secreting gland. The definition might at first sight tempt us to 
term every glandular enlargement, in which the elements are abnor- 
mally multiplied, an adenoma. This would however be incorrect. 
Adenoma is a true neoplasm, characterised physiologically by its 
impotence to produce the normal gland-secretion, and anatomically 
by its want of relation to the tissue in which it is seated. A gland 
enlarged by over-growth, or over-work, or chronic inflammation, 
cannot be described as an adenoma. It is a hyperplasia : and if it 
be the true gland-tissue and not merely the fibrous firamework 
which is excessively developed, the physiological activity of the 
gland is thereupon increased. 

We must regard in the same way the tumour-like growths 
which occasional^ develope in mucous membranes, chiefly as a result 
of chronic inflammation. They are mere localised proliferations, 
rising above the general surface as nodular, polypous, or papillary 
outgrowths. The fibrous tissue is the first to increase, and this 
leads to some increase of the epithelium, chiefly because the local 
submucous swelling involves an increase of the mucous surface. 
If any glands are present (as in the intestine or uterus), they also 
undergo change. If their ducts become blocked, they may become 
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distended with Becretion, and form lar^r or smaJler cysts. Other 
glands may enlarge by increase of their stroma ; and lastly there 
may be in some an active growth 
and increaae of the specific 
gland-tissue. 

It is easy to demonstrate that 
such new-formations of fibrous 
and glandular tissue do take 
place. The most suitable ob- 
jects for examination are per- 
naps the papillary or villous 
growths which form on the inner 
surface of glands undergoing 
CTstic degeneration (Fig. 59 c), 
These are sometimes so abun- 
dant that the cyst seems quite 
filled up with the new tissue. 

Sucn an overgrowth of the 
mucous membrane, in which the 
local glands are simultaneously 
enlai^ed, is best described as a 
glandular hyperplasia. 

168. True adenoma ts generally distinguishable from glandular 
hyperplasia by obvious characteristics. Ita consistence, colour, and 
structure all mark it off plainly from the surrounding tissue. 

Adenomata are usually knot-like growths arising within the 
substance of glands, or in glandular epithelial or epidermic tissues. 
In the first case it is generally a part only of the gland that is 
transformed into tumour-tissue. In the mucous membranes and 
skin the tumour is likewise circumscribed. When an entire organ 
like the ovary is included in the growth, it is easy to make out by 
the alteration in the structure that it is an adenoma, and not the 
result of simple hypertrophy. Adenomata are often pale soft and 
marrowy : in other cases they are dense and coarse. 

Microscopic examination will obviate any doubt, which mere 
inspection may leave, as to the nature of a questionable adenoma. 
The structure of the neoplasm is always different from that of the 
affected tissue. It always corresponds with the type of some 
normal tissue ; but this is not the type of the matrix in which it 
lies. Adenoma of the intestine may be made up of ramified and 
convoluted tubules — not of Lieberktlhnian crypts. Adenoma of the 
liver may be made up of tubular glands instead of lobules. Ade- 
noma of the mamma is at once distinguished from the normal 
f land-tissue by the mode in which the epithelial cells are repro- 
uced and arranged, and by the structure of the neoplastic acini. 

The difference between normal and neoplastic gland-tissue is 
perhaps most marked of all in the case of the ovary. Ovarian 
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adenoma is apt to grow to an enormous size, and very often 
imperils the life of the patient afflicted with it. It usually takes 
the form of a multilocular cystoma or cystadenoma, as it is called ; 
and is made up of a multitude of small and large cysts. These 
contain a ropy, clear or turbid, and variously tinted liquid. Their 
inner surface resembles that of smooth mucous membrane. The 
walls are chiefly of a fibrous texture : but here and there occur 
masses of tissue with a soft marrow-like section and white or pink 
in colour, which resemble parenchymatous gland-substance. These 
masses exemplify the early stages of the tumours development; 
they consist of a (ibro cellular stroma contaimng glandular tubules 
lined with tall cyhndncal epithelium (Fig 60) Some of the 
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tubules are dilated. This dilatation is the first step towards the 
formation of a cyat ; it is the result of an accumulation of secretion. 
When small cysts are thus formed, the fibrous tissue round them 
often proceeds to grow into the cavity in the form of papillary 
protuberances (Fig. 60). These papillary growths, which often 
develope in vast numbers, give to this variety its specific name of 
papilliierous cystadenoma. 

169. All adenomata have not the same grave significance, 
whether we regard the affected organ or the system generally. 
Ovarian adenoma destroys the organ and jeopardises life by its 
size ; but it forms no metastases and does not invade neighbouring 
structures. Adenoma of a sweat-gland or sebaceous gland remains 
as a local tumour, never reaching any great size. But the case is 
dijferent with the adenomata of the alimentary canal, namely those 
of the stomach, large or small intestine, and rectum. Each of these 
tends to invade and destroy the surrounding parts, and to form 
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metastaaes. They are as mali^ant as the malignaQt carciBomata. 
Id order to indicate this fact in their distinctive name, they have 
been called destructive adenomata, or adenocarcinomato. Their 
malignancy is manifested even in their local behaviour. Fig. 61 
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represents a section through the advaociog margin of a small 
destructive adenoma of the stomach ; it is remarkable for the great 
size of its glandular tubules and of the epithelial cells which line 
them. 

The figure (Fig. 61) shows that the neoplastic tubules are first 
developed in the mucosa, the normal constituents of the mucous 
membrane simultaneously disappearing. Starting thence the 
neoplasm invades the svbmucosa (6). It intrudes itself along the 
intermuscular septa between the muscle-bundles of the mutcularis 
(c) : and finally extends along the serous layer (d). Here and there 
through the fibrous tissue may be seen heaps of small cells : this 
indicates that proliferation is going on in this tissue likewise. 

This invasion of the neighbouring tissues is the first step 
towards the formation of metastases. Clearly the lymph-spaces of 
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the tissue are certain to be encountered by the advancing growth, 
and when this happens the path of infective transport stands open. 
Destructive adenoma is a soft marrowy tumour, taking the 
form either of a papillary or fungous outgrowth, or more commonly 
of a level and extensive thickening of the mucous membrane. The 
new tissue frequently breaks down and ulcerates. The ulcers have 
a soft infiltrated base and raised rampart-like edges, or the 
surrounding tissue is beset with nodular growths. 

6. Carcinoma. 

170. If we define carcinoma as a growth characterised by 
epithelial multiplication (Art. 166), and not agreeing with any 
normal glandular type, we must at the same time lay stress on the 
fact that this epithelial multiplication is no merely accessory or sub- 
ordinate feature. It is the essential and distinguishing character 
of the neoplasm. 

Simple non-typical multiplications of epithelium are by no means 
uncommon; but they are not necessarily to be interpreted as carcino- 
matous. Subepidermic granulomatous tumours of the skin (Art. 
132 Fig. 37) will often exhibit in their superficial layers clusters 
and rolls and strings of epithelial cells altogether diverse from any 
normal mode of grouping ; and the same may be observed in skin- 
wounds which are in process of repair by epidermic growth and 
multiplication. So too in glands sutered by inflammation, and in 
fibrous tumours occurring in glands, the glandular epithelium 
may begin to multiply and lead to the formation of epithelial 
masses that are altogether non-typical or atypical in appearance. 
Formations of this kind are not to be classed with the carcinomata. 
They lack the power of growing indefinitely and of infiltrating the 
surrounding tissues. They are incapable of raising themselves to 
the rank of the independent tumour, that is nourished like a 
parasite at the expense of the organism, and invades the tissues 
to their destruction. They can only extend where a free surface 
is open to them, due either to antecedent inflammation or to the 
formation of a true tumour. In wounds or subepithelial granula- 
tions, these proliferous growths have no more significance than the 
covering of an abraded surface with new epithelium. The epithe- 
lium forms only in places where the underlying tissue is so 
arranged as to leave free surfaces or open fissures, and the process 
amounts, in a word, merely to the 'skinning-over' of internal 
surfaces. 

The mode in which true carcinoma developes and extends is 
quite different. The epithelial new-formation is not limited to 
n^e or bared surfaces; it actively invades the contiguous con- 
nective tissues. Thus we may have a cutaneous cancer or epithe- 
lioma, which consists essentially of cellular prolongations of the 
interpapillary promontories of the Malpighian layer, penetrating 
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and ramifying in the fibrous tissue of the corium (Fig. 62 /). 
These prolongations go on growing and multiplying, and ultimately 
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iniiltTate the corium over a more or less extensive area, taking the 
form of detached strings and nests of cells (g). In this case then, 
we may regard the carcinoma as an epithelial infiltration of the 
corium starting in the superficial epidermis. The share taken by 
the corium it^f is not always the same. At first we are generally 
unable to detect in it any histological change whatsoever. The 
fibrous stroma in which the epithelial cells are lodged is furnished 
Iw the unaltered corium alone. In other cases, anu in later stages 
(Fig. 62 h), a perceptible amount of cell-multiplication and occasion- 
ally of vascularisation takes place. It almost looks as if the fibrous 
tissue were endeavouring, by compensatory growth on its own 
part, to counteract the invasion of i^ borders by the epithelium. 

In tumours formed in the way we have described, the intruded 
masses of epithelial cells ure spoken of as oancertnu cell-nesta, 
and the separate cells as cancer-celU. The fibrous framework in 
which they lie, made up partly of pre-existing and partly of new- 
formed fibrous tissue, is called the canoeroui rtroma. 

171. The development of cancer in elands is essentially similar 
to that which starts in squamous epithelium or epidermis. Thus 
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in the glands of the uterus, we have cancer commencing with 
active growth and multiplication of the cylindrical epithelial cells. 
The single layer of cyUndrical cells is transformed into a aeries of 
Rtratified or disorderly masses of epithelmm (Fig 63) piled upon 
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each other. The size of the gland (6) ia thus considerably increased, 
and soon its typical structure is overlaid and lost by the substitution 
of great cell-masses and cancerous cell-uests or loculi. The cells 
retain their cylindrical form only at the borders of these groups. 
This represents the first stage. In the second, the surrounding 
tissue is invaded and infiltrated by cancerous cell-nests. 

A section from the advancing margin of a mammary cancer 
(Fig. 64) shows at one view the various steps of the process ; 
a low magnification is all that is necessary. The first stages in the 
formation of the mammary cancer are essentially the same as 
those observed in uterine cancer, though the peculiarities of the 
matrix bring about certain minor variations. The primaiy aberra- 
tion is an excessive multiplication of the glandular epithelium. 
This is followed by general epithelial infiltration. The small and 
scattered acini of the mamma are replaced by cancerous cell-nests 
of various form and size (e), imbedded in a scanty stroma. Starting 
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from these as primary foci, the infiltration of the coonective tissues 
{f}f^ extends far and wide, beyond the region of the gland-tissue 
itself. The fibrous bundles are thrust asunder by the multiplying 
cells, which link themselves into fusiform or rounded masses, or into 
long ramifying strings and bands. Spreading upwards these invade 
the corium ; single cell-nests may even be found immediately 
underlying the epidermis {g). Within the substance of the nipple 
(o) also, we may discover numerous cancerous patches (h) in the 
fibrous tissue between the galactophorous ducts (rf). In the figure 
we note that the only uninvaded part of the gland is near its edge. 
Even here however the groups of round-cells scattered through the 
connective tissue (Jc) show that the structures are not altogether in 
their normal condition. 

To sum up all that we learn from this preparation concerning 
the extension of the cancer we may say — that the process consists 
in infiltration of the connective tissue with epithelial cell-nests : 
that this is accompanied or succeeded by inflammatory or pro- 
liferous changes in the connective tissue : and that these ulti- 
mately result in fibrous hyperplasia. 
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We are chieflj indebted to Thibbsch {Der Eptihdialkrtia 186A) aud 
Waldeteb {Vireh. Arch. vols. 41, 55) for the discovery that a large class of 
tumours (other than the adenomata) eiieted, in which epithelium formed an 
essential constituent. Thiehsch demonstrated that cancer-ceUs are derived 
&om epithelium, drawing his arguments principally from cases of cutaneous 
cancer or epitheUoma. Waldeteb extended his reaearchea to organs of every 
kind. Many subsequent observations have proved — that a considerable 
□umber of tumouTs which were believed bj Virchow and others to origiuat« 
as connective- tissue growths do really originate in epithelial growth and multi- 

Cation. The class of connective-tissue tumours has thus been greatly 
iniehed. The great majority of the alveolar tumours included by ViKCHOW 
under the general term corcinomata must now be ranked as epithelial tumours. 
See Billboth's Svrg. Pathclooy 3d ed.; Lucke, in Billroth u. v. Pithat Hani- 
6ucA vuL II; ScHRON, Ctmtrib. aUa anai. detla cute umaiut 1665; and, for 
criticism of the 'epithelial theory' of carcinoma, Paget's Surg, Palh. Lect> 35. 
KOsteb'd attempt (Die Entuictelmiff der Carcinome 1869) to disprove the 
participation of the epithelium in a large clase of alveolar tumours, and to 
derive the cell-nests from the proliferous endothelium of the lymphatics, has 
not proved succeseful. 

This being the case, it will be best in future to designate the various 
tumours not according to their structure merely, but also with respect to their 
geneeis. Carcinoma will then imply not only an alveolar structure but an 
epithelial origin also. The mode of genesis is the distinctive and delinitive 
character: the alveolar structure is merely a result of contingent or non- 
essentialfactors. 

172. From the description we have given, it will be manifest 
that the so-called cancer-cells are nothing other than proliferous 
epithelial cells; and we may therefore expect them to exhibit 
epithelial characteristics. Accordingly we lind that they preserve 
throughout the traces of their descent. They are comparatively 
large, and have large vesicular nuclei containing nucleolar corpuscles: 
and they have certain habits of grouping peculiar to the parent 
structures. Cutaneous cancers (epitbeliomata) contain cells exactly 
like those of the Malpighian layer, and they may undergo comi- 
fying processes analogous to those which are normal in the case of 
the epidermis. Cancers starting in the intestinal mucous mem- 
brane are provided with cylin- 
drical epithelium. But this 
maintenance of the ancestral 
cell-type has its limits. 

When strings or wedges of 
epithelial cells penetrate the 
fibrous tissues, it invariably 
happens that the tightly packed 
elements aflfect each other mu- 
tually, and chiefly as regards 
their form (Fig. 65). We may 
see bow this occurs by consider- 
ing a section of one of these 
conical epithelial wedges— which 
from their appearance have been 
cdled 'blrd'i-navt bodlsi' 
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(concentric or epidermic globes). When the cells are isolated it 
is found that there are scarcely two alike in shape. This multi- 
formity of the cells of cancer has long been a familiar fact ; it has 
even been exalted into a characteristic feature. It obtains in 
squamous epithelioma and in cylindrical carcinoma, starting in 
the cylindrical epithelium of intestine or gland The original 
t}rpe is only in a few cases preserved pure and unmodified. 

At the same time we must not look upon this multiformity as 
anything peculiar to cancer. Multiform cells may occur in other 
tumours — in the sarcomata, for instance. All we can say is — ^that 
in virtue of the peculiar mode of cell-multiplication in the carcino- 
mata, multiform cells are especially apt to be produced in them. 
What is true of their alveolar structure is also true here. In 
consequence of their mode of development we always find that 
cancers are alveolar ; but other tumours whose genesis is entirely 
different may nevertheless exhibit the same structure. 

173. Varietiet of carcinoma have been distinguished 
according to their site and place of origin, the form and texture 
of the cells^ the arrangement of the cells, and the mode of epithelial 
infiltration dependent thereon, and finally the abundance and 
texture of the fibrous stroma. Many of these distinctions have 
now ceased to have any real significance. The title given to 
certain cancers of the skin or mucous membrane — namely, 
epithelioma or epithelial cancer — is now useful only as indicating 
conveniently their seat and histological structure. Formerly the 
title implied a contradistinction between cancer of the epithelia 
and cancer of the connective tissues. Other terms like medullary, 
simple, or scirrhous, applied to various structural varieties of 
cancer chiefly originating in the glands, have also only a limited 
application; inasmuch as an individual cancer may not have 
exactly the same structure throughout all its parts, or in all 
its successive stages. 

Generally speaking, the form of the cancer depends on the 
structure of the matnx in which it is seated. A certain group 
of forms are found to recur perpetually in each particular organ. 
It would seem most natural a priori to divide the carcinomata mto 
two groups — those, namely, which start in investing or surface 
epithelium, and those which start in glandular epithelium. Such 
a division might be preferable fi*om a theoretical point of view ; 
but it is not always practicable, as it demands rather minute 
histological investigation. An epithelioma starting in a sebaceous 
^land has generally the very same appearance as one starting 
in a hair-follicle or in the epidermis. In cancer of the intestine, it 
would often be a matter of very great difficulty to decide whether 
the disease started in the simple lining epithelium, or in that 
of the crypts of Lieberktihn. For this reason it is advisable 
to classify the carcinomata under a few main types, distinguished 



t;HAP. SXVII.] EPITHELIAL TUM0UE8. CARCINOMA. 239 

by sufficieoUy well-marked anatomical diiferenceE. The following 
are the most important, 

(1) Sqnamoiu epithelial cancer The chief representative 
uf this class is epithelioma, or cutaneous cancroid (Fig. 62). This 
gives rise to warty and nodular tumours, or to diffiise thickenings 
of the skin. It ia characterised by the occurrence in it of large 
epithelial nests, made up large multiform squamous cells. Ulcers 
are very often formed by the breaking down of the new tissue. 

If the section of an epithelioma be scraped, a gi^t^ mass is 
obtained consisting mainly of nests and single cells. The nests 
often take the form of globes, ip which the celts are arranged 
concentrically like the coats of an onion (Fig. 62 t). These at 
times become homy, forming what are called epithelial pearls, 
Epitheliomata in which these pearls are a distinct feature have 
been called homy or comeous cancroids. The tumour-cells of 
epithelioma are descendants of the superficial epidermis, and 
also of the epithelia of the hair-follicles and sebaceous glands. 
Squamous epithelial cancers occur in all the mucous membranes 
covered with squamous epithelium — in the mouth, pharynx, 
oesophagus, bladder, vagina, &c. 

(2) Oylindilcal epithelial cancer. Tbb has its seat in 
mucous membrane, chiefly that of the intestine, but also in that of 
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the uterus. It forms soft nodulated tumours which start in the 
columnar epithelium of the glands 

Id consequence of active multipbcation among the epithelial 
cells the glands become distended mto more or less globular 
nests (Fig. 66) B; mutual compression the cells assume very 
various forms retaimng their columnar character only at the 
periphery. Sometimes an unoccupied space or lumen remains 
at the centre The cell nests having tnus the appeanince of 
gigantic ghuid acim, the tumour has also been descnbed as adeno 
carcinoma: we reserve this term for the destructive adenoma 
described in Art 169 

Glandular cancer of a like kmd with a coarse alveolar stroma 
occurs in glands like the kidney and mamma as well as m 
mucous membrane In them it likewise starts in overgrowth and 
multiplication of the glandular epithebum The difference between 
this variety and the last consists simply m the absence of tall 
columnar epithelial cells among the other constituents This is 
due to the fact that the epithelium m which the growth onginates 
is spheroidal rather than columnar 

(3) Simple carcfnoma is a term often appbed to a vanety 
usually originatmg in glands and forming rather firm nodulated 
tumours. In section these have generally a bght greyish trans 
lucent look. The stroma and the cell nests are often sharply 
distinguished &om each other by the difference of their colour 
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especially when the cells have already undergonQ partial fatty 
change, and so look white or yellowish-white and opaque. By 
scraping the section we can often obtain a fairly abundant milkv 
juice. The tumour has a somewhat coarse fibrous framework 
(Fi?. 67 a), containing alveoli of various sizes and shapes filled 
with masses of epithelial cells. It particularly affects the mamma, 
and occurs also in the stomach, pancreas, and kidneys. 

(4) Hedulloiy (or encephaloid) cancer. When the cells are 
very abundant and the stroma delicate and scanty, the consistence 
of the tumour may become remarkably soft and semi-fliiid. Such 
forms occur chiefly in mucous membrane, but also in the ovary, 
kidney, testis, &c. They are described as medullary or encephaloid 
cancers. They resemble very much the softer adenomata and 
sarcomata. An abundant milky cancer-juice may be expressed 
&om the cut surface : it contains numerous cells and free nuclei, 
with fatty detritus and free oil-globules. 

(a) Sclrrhui, or scirrhous cancer. In this the cell-groups are 
small and scanty and the stroma coarse and dense. The tumour 
feels firm or even hard, and looks very much like a dense fibroma. 
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There is no sharp line to be drawn between aciirhus and 
simple cancer. Within one and the same growth we may find a 
part having the texture of sciirhus, and another resembling simple 
cancer (Fig. 68). The question is merely whether the stroma or 
the cellular elements predominate. The characteristic hardness of 
scirrhus is found at spots where the hbrous stroma is not so 
much alveolated as interspersed with small fusiform cell-nestfl 
(Fig. 68 J*). 

The cancer-celb often perish by fatty d^eneration, and are 
then absorbed. The coarse fibrous stroma is left, looking like 
a deposit of firm scar-tissue. Cancers which have become hard 
and hbrous in this way are found not only in the mamma but also 
in the stomach, testis, ovary, and kidney. 

(6) Colloid (otherwise gelatinous or alveolar) cancer occurs 
as a definite tumour or a diffuse infiltration. It is most frequently 
found in the alimentary tract and in the mamma, more rarely 
in the ovary or other organ. It is characterised by the translucency 
of its substance. The stroma seems to contain masses of jelly 
rather than the usual more or less opaque cell-nests. The 
transparent glassy look may be apparent even on the outside 
of the tumour. This is true, for instance, in the case of colloid 
cancer of the mucous membrane, which usually forms Semi-trans- 
parent papillary or fungous excrescences. In the mamma the colloid 
character becomes apparent only on cutting through the tumour. 
It often happens that the whole tumour is not alike ; some parts 
being translucent, others greyish or reddish like the more ordmary 
forms. 




Fio. 69. CoLi.an> cikcbb o. 



The colloid or gelatinous texture of the tumour is due to 
mucoid or colloid change affecting the cancer-cells (Fig. 69). 
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It begins with the fonnation of clear globules in their interior {<£)• 
The cells then perish, and the globules coalesce with each other 
and with larger gelatinous lumps already fonned. In this way 
a large homogeneous colloid mass is ultimately built up. It is 
not uncommon for all the cells over a wide area to perish in 
this manner, so that the stroma is the only formed constituent 
remaining. In other spots, cell-groups may still be found encircled 
by colloia masses (Fig. 69 b): in others again there is no colloid 
substance at all. 

(7) Carcinoma myzomatode*. A cancerous tumour may 
likewise assume a gelatinous texture in consequence of mucoid 
change affecting the stroma (Fig. 70). With this metaphisia 
of t£e fibrous tissue there may also be associated a mucoid 
degeneration of the cancer-cells (r ig. 70 d) i and this may increase 
cousideraUy the transparent and gelatinous appearance of the 
growth. The connective-tissue celfc of the stroma may also 
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perish, so that we are often unable to find any traces of cell- 
structure over wide areas. The favourite seats of this variety 
are the same as those of colloid cancer. 

(8) Cylindroma carclnomatodei is a very rare variety of 
cancer, characterised by the formation of homogeneous spherules 
within the cell-nests (Fig. 71). 

These spherules, which are possibly to be regarded as masses of 
colloid substance, press asunder the other cells of the group (Fig. 
7l 6). If a considerable number of spherules form withm the same 
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lociilus, the cella may be compressed into slender trabeculae (c), and 
so come to form a kind of anastomosing network. This variety 
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has been described as a cylindroma (ZlEOLER has only once 
met with it, and then in the lacrimal gland). To distinguish 
it from the sarcomatous kind (Art. 163), it has been oUled 
carcinomatodes. 

(9) CHant-celled (or myeloid) cancer is a form in which 
some of the cancer-cells attain an inordinate dze. All parts of 
the cell — ^protoplasm, nucleus and nucleolar corpuscles — contribute 
to this enlargement. They become at the same time remarkably 
transparent, and the general aspect is much as if the cell had 
imbibed a great quantity of water, and had in consequence swollen 
out enormously. 

(10) Melanocarclnoma is a sufficiently distinct variety to 
deserve mention. It gives rise to grey, brown, or black tumours. 
The pigment is contained partly in the cancer-cells, partly in 
the stroma. It is seldom met with; being much rarer than 
melanotic sarcoma. 

BefereDces :— WALDErER, Virch. Arch. vol. 55; RtHDFLElscH, Path. Huto- 

logff voL i; Lt'CKE, Art. OaclnmiUU in Hand. d. Chirurgie v. Fitha u. BiUroth 
II ; Perls, AUg. Path. 1877 ; Paget, Surg. Path. LiaetB. 30—35 ; Lebebt, 
Dei mtdadici canea-euiet Paris 1851. 



174. The ezteniion of a oanoeront growth is not at an 
end when the organ originally attacked is infiltxated throughout. 
Cancer pays small heed to the boundaries between the various 
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tissues. Sooner or later (latest of all in encapsuled organs like the 
kidney), the cancerous process invades the neighbouring tissues. 
Some of these, chiefly the specific tissues like glandular epithelium, 
muscle, bone, Ac, disappear before the advancmg growth. Fibrous 
tissue on the other hand is usually excited to proliferation, and 
new tissue and blood vessels may thus be formed and converted 
into cancer-stroma. Now and then other proliferations are set 
up in the neighbourhood of the tumour; and in this way, for 
example, new bony growths may be formed. 

In addition to this peculiar power of invasion, cancer has also in 
a high degree the power of originating tnetaitawi or lecondary 
BTcnrtlu. The germs which give rise to these metastases are 
the cancerous epithelial cells, which are carried off to remote 
places by the blood or lymph. The first development of the 
secondary nodules starts in these, when they have found a suitable 
nidus. An epithelial germ may reach the liver, for instance, and 
become wedged in one of the terminal radicles of the vena portae. 
If it finds adequate nutriment there, it begins to grow. It 
subdivides and multiplies, and thus a cell-nest is presently formed 
{Fig. 72) which distends the capillary vessel, and by compression 
causes the liver-celb to dwindle and atrophy. By the aid of the 
fibrous elements of the vessels, which proceed to multiply and so 
furnish a fibrous stroma and accessory vessels, a secondaiy nodule 
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is at length evolved, whose structure resembles in all points the 
structure of the parent nodule. The hepatic lobules are either 
pushed aside and compressed, or they are interpenetrated by strings 
of cancer-cells starting from the nodule. Thils is the result of the 
mode of growth of the nodule. It grows chiefly at its periphery, and 
extends along the open capillary channels (Fig. 73). In this way 
the capillaries themselves are one after another replaced by cancer- 
tissue. As this latter extends, the liver-cells gradually disappear. 

The epithelial elements of the secondary nodules are to be 
regarded as, without exception, the progeny of the original 
cancer-cells transplanted from the parent growth. The fibrous 
tissue in which they are imbedded is furnished by the connective- 
tissue elements of the blood-vessels. 

The origin of the cancer-cells in secondary nodules has been the subject of 
as much discussion as the genesis of the primary growth. Even now a certain 
amount of disagreement exists on the question. Rindfleisch, Klebs, 
QussENBAUER, YvEiL, and others, maintain that the connective-tissue oella, 
and especially the endothelia of the blood-vessels and lymphatics, take an 
active share in forming the cancer-cells of the metastatic growths. Gubsen- 
BAUER (Langenbeck's Arch. /. Chir. xiv) and Weil ( Wien. med. Jahrb, 1873) go 
so far as to say that even striated and non-striated muscle-fibres may be 
stirred up (in a manner infected) so as to produce cancer-cells. Sdcon, 
Cbeiohton, Moxok, and others in this comitrj, have put forward like 
theories : they are accustomed to speak of a ' spermatic ' influence exerted by 
the transported germs upon the tissue-elements of their new seat (7Van«. PatK 
Soc. 1874). 

Zieqler is unable to find any satisfactory evidence for such a view. He 
made numerous investigations bearing on the question, and under his guidance 
Fronista examined a multitude of secondary growths in various organs ; but 
no certain grounds for the theory were ever discovered. Active changes in 
the fixed cells were often very beautifully shown ; but wherever it was possible 
to trace the fate of these cells it was foimd that they merely went to form the 
type of tissue which they would reproduce in normal curcumstances. The 
osteoblasts of the periosteum and marrow form bone or fibrous tissue; 
endothelial cells likewise produce only connective tissue. It is not however 
to be inferred that these investigations absolutely and certainly exclude the 
possibility of a cancerous transformation of the products of connective-tissue 
proliferation. When a tissue has undergone extensive proliferous changes, 
nothing certain can be made out from it regarding the origin or the fate of 
individual cells. The cancerous embolus acts like a foreign body. Round it 
are set up inflammatory infiltration of leucocytes on the one hand, and 
multiplication of the fixea ceUs on the other. Both processes result in fibrous 
hyperplasia, which in many cases goes to form a new stroma for the growing 
nodule. The same processes are thus repeated here as oficur in the fibrous 
structures of the prmiary focus. It is therefore well to hold by the doctrine of 
Remak and Goodsir — at least until it is certainly disproved — that as tbe 
descendants of the different embryonic layers are never transformed into each 
other in normal circumstances, so also under pathological conditions no such 
metaplasia can occur. Even the transformation of one epithelial formation 
into another suggested by some (Rindfleisch, PcUh, Histology Art 531 ; 
Perls, Virch, Ardi. vol. 56 ; &c.) has not been established. When carcinomata 
of the liver are examined the liver-cells are seen to dwindle and perish, but not 
to change to cancer-cells. Even in cases where mammary cancer penetrates the 
corium and reaches the epithelial layers of the skin, it is always possible to 
distinguish clearly between the cancer-cells and the true cutaneous epithelium. 
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175. Carcinoma is very prone to undergo retrogressive change. 
In the juice scraped from the cut surface of a cancer we may 
nearly alwavs find cells which are fatty or disintegrating. This is 
especially the case in soft quickly-growing tumours. If the fatty 
change is extensive the affected spots look white and opaque, and 
by and by break down into a creamy pulp. The disintegrated 
cells may also become condensed into cheesy masses. More 
commonly, however, we find that a part of the cells become 
absorbed. In tumours lying beneath the surface of an organ or 
raised above its general level, a central depression or dimple may 
thus be formed. The tumour is then said to be umbillcated. In 
cancers with a dense stroma, in which the disappearance of the 
cells is accompanied by hyperplasia of the fibrous elements, we 
may find the original growth replaced by a dense coarse deposit of 
fibrous tissue containmg few if any cancerous cell-nests. This 
transformation is specially frequent in the case of mammary and 
gastric scirrhus. 

Mucoid degeneration has alreadv been discussed (Art. 173). 
Amyloid degeneration of the stroma has frequently been observed. 

The necrotic disintegration of cancerous growths, and the 
consequent formation of cancerous ulcers, deserve special 
mention. Tumours of great size may in this way be wholly 
destroyed. In intestinal cancer, for example, it is no rare thing to 
find after a certain time nothing but an ulceration, replacing the 
original tumour, and bearing hardly any resemblance to it. If the 
ulcerative process is not far advanced, the remains of the tumour 
may be recognised as nodules or papillary excrescences rising from 
the base or border of the ulcer. In later stages the base may be 
smooth and clean, consisting simply of firm fibrous tissue ; while 
the edges rise like ramparts, or are beset with papillary or nodular 
growths. Now and then these may disappear in like manner, and 
the ulcer appears as a non-cancerous sore with an indurated base. 
Even on section it may not always be possible with the unaided 
eye to decide whether the tissue still contains cell-nests or not. 
We must in such cases have recourse to the microscope. 

Cutaneous or epitheliomatous cancers, like those of mucous 
membrane, may also ulcerate; and so too may cancers of the 
mamma or other subcutaneous glands. The surface of these 
breaks down, and great putrid or foetid ulcers are the result. 

The seat of an ulcer is always the seat of a more or less intense 
inflammatory infiltration. Sometimes this results in vigorous 
granulative proliferation, the granulations rising above the sur&ce 
as fungous excrescences. They are distinguished from ordinary 
granulations by the cell-nests they contain. From this granulation- 
tissue ordinary cicatricial tissue may be elaborated. A sort of local 
healing and recovery may thus result — from the destruction of the 
tumour, and the formation of granulative and cicatricial tissue. 
The growth may seem to have altogether disappeared. But this 
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healing is only local and relative, and it does not last Microscopic 
examination shows that the cancerous invasion of the deeper 
structures still persists. The formation of secondary growths, even 
after the surface ulceration is scarred over, testifies to the fact 
that the malignancy of the process is not removed with the removal 
of the primary growth. 

176. Adenoma and carcinoma may be combined with other 
neoplastic formations ; that is to say, the stroma may be composed 
of other than fibrous tissue. In the first place it must be remem- 
bered — that as cancer invades successive tissues, the most various 
structures may in turn be utilised to form its stroma. Thus when a 
uterine cancer reaches the muscular coats of the organ, we find that 
the stroma of the tumour contains smooth muscular fibres. When 
secondary nodules form in the liver, we often see liver-cells, 
atrophied no doubt but still recognisable, in the trabeculae of the 
stroma. The new-formed tissues which actually originate in the 
stroma are to be distinguished from such pre-existing formations. 
In the former case we may find that not only fibrous tissue but even 
cartilage or sarcomatous tissue has been developed. Such neoplasms 
are described as complex or mixed tumours. They are most 
common in the testis and parotid gland. They resemble the 
simple carcinomata in their general relations. 



CHAPTER XXVIII. 



AETIOLOGY OF TUMOURS. 



177. Our knowledge of the aetiology of tumours is still very 
defective. What we have to say on the subject is, generally 
speaking, largely hjrpothetical. 

We might at first be inclined to regard a tumour as the result 
of a local overgrowth of tissue, and to look for the conditions of its 
development among those which determine ordinary h}rperplasia. 
But facts soon appear which tend to show that the processes are 
not parallel. There is, first, the histological diversity of the 
tumour (Art. 136) firom the matrix in which it grows. Secondly, 
there is the associated impairment or extinction of the physiological 
function of the matrix-tissue. These facts do not suggest a mere 
over-active growth in situ. The anatomical facts are thus against 
our regarding tumours as localised hyperplasias. It follows that we 
cannot expect to discover the efficient causes of tumour-growth 
among the factors which give rise to such hyperplasias. 

Nor can we fairly compare the tumours with the inflammatory 
new-formations. Tumours may indeed contain foci which are 
infiltrated with leucocytes. But these are of secondary signifi- 
cance. The entire process of neoplastic histogenesis shows that it 
is something quite diiSerent fix)m the formative processes which 
originate in mflammation. We thus exclude at once the possibility 
of attributing the growth of a tumour to a traumatic lesion, at 
least in any immediate or direct way. Clinical experience bears 
this out ; for if now and then we have tumours developed in a 
substratum of tissue which has been injured and has undergone 
Laflammatory change, it is on the whole a rare occurrence, and does 
not prove that such injury would of itself suffice to set up 
tumour-formation in previously healthy tissue. 

This being the case, we are perforce constrained to admit 
that other factors must be sought, if we are to explain the genesis 
of tumours. 
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If we did not know that tumours may develope at the most 
various periods of life — ^nay, that many forms are wont to appear 
only in advanced SLge, it might perhaps suggest itself to look 
for their aetiological factors in the embryo — to regard them in fact 
as local malformations. But the peculiar mooes of occurrence 
referred to, and the observation that tumours originate in tissues 
which before looked perfectly normal, would scarcely make us 
regard such an embryonic theory as very probable beforehand. 

CoHNHEiM has very recently propounded an embryonic hjpa* 
thesis of another kind. We are not to refer the actual development 
of the tumour itself to the embryonic period, but are to attribute 
its appearance in later life to the persistence of germinal embryonic 
tissues in the otherwise mature organism (CoHNHElM, AUg, 
Path, i). A tumour takes its rise in what we might call a belated 
rudiment — a focus of formative embryonic tissue, which has not been 
utilised in elaborating the normal tissue of the part — and so has 
lingered on unchanged. Cohnheim therefore defines a tumour 
as — an atypical new-formation starting in a latent embryonic 
rudiment. The tumour-germs, consisting as they do of embryonic 
cells, may be very small and so elude observation. It is even 
conceivable, he thinks, that the germinal cells may be quite un- 
recognisable among the ordinary physiological elements of the part 
They may linger on for a long time inactive. It is only when 
they are favoured by the external conditions — such as the supply of 
nutriment, and their relation to the surrounding tissues — that they 
begin to multiply and to form a tumour. In this way it becomes 
possible that a traumatic lesion may set up the active change. In 
most cases however the awakening impulse is beyond our power to 
discover. 

We cannot deny that Cohnheim*s hypothesis would explain 
satisfactorily many of the peculiarities of tumours. Those growths, 
for example, whose structure reminds us so strongly of earlier 
developmental stages of particular tissues, would be acquitted of 
their (at present) unaccountable heterology. It also tells in 
favour of the theory — that a class of tumours does actually exist, 
of which we can say with certainty that they date their origin 
firom the embryonic stage. At the same time we may well 
question whether our knowledge of the subject justifies us in 
attributing an embryonic origin to all tumours, or whether we 
should accept the theory only with considerable limitations. 

Cohnheim bases his view mainly on the ai^guments — that many tumours 
have been shown to be hereditary; that many exist at birth or at least 
develope in infancy; that they show a preference for sites where in earlier 
developmental stages some complication of structure occurred, e,^. for the 
places where diverse epithelial formations pass one into the other (lips, anus, 
stomach, cervix uteri), or for parts where the entire process of development 
is highly complex (genital apparatus). Finally, he holds that the atypical 
structure of tumours generally is in favour of his account of them. 

It must be granted that these argmnents speak strongly for the hypothesis. 
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They at least make it highly probable for certain classes of tumours. But 
they do not suffice to prove its applicability to alL 

The view that tumours arise in consequence of injury, especially of 
frequently repeated irritation, is very widely accepted (Virchow, Die krank- 
haften OeschtmUte; Kronlein, Lang. Arch, f. Htn. Chir. xxi; Kogher, Art. 
KranJtheiten des Hodens^ Handb, d. spec, Chir, v. Fitha u, Billroth; Booehold, 
Virch. Arch, vol. 88). CoHNHEiM has justly objected to this view — that the 
number of cases of tumours in which antecedent injury has been demonstrated 
does not reach more than 14 per cent, of the whole number, and is by some 
given as 7 per cent (Boll, Bcu Princip des Wachsthume Berlin 1876; S. 
Wolff, Zttr ErUUehung von Geschwulsten nach traum. Einwirk, In. Diss. 
Berlin 1874; Von Winiwarter, Beitrage z. Statistik d. Carcinome Stuttgart 
1878). From this we may infer that an injury may perhaps give rise to a 
tumour; but that neither inj\u*y nor inflammation is at all a necessary 
antecedent. 

178. We are acquainted with a considerable number of forms 
of congenital tumour, whose origin can be referred with more or 
less certainty to the embryonic period Of these it is however to 
be remarked — that their structure and composition are only in 
part analogous to those of the post-embryonic growths hitherto 
discussed. Many of them possess a structure entirely peculiar to 
themselves, so that they cannot be classed with any of the 
preceding tumours. They are therefore regarded by all authorities 
as special and peculiar formations, and are distinguished as 
teratomata. 

Teratomata or teratoid tumours (Art. 13) are congenital 
growths, which are remarkable for the heterogeneity of their 
constituent elements. They may be large even at birth, or they 
may grow from small beginnings to a large size after birth. They 
may contain fibrous tissue, cartilage, bone, muscle, skin, hair, 
nerves, gland-tissue, and simple cellular or embryonic tissue. At 
times they may have the look of complex histioid tumours; but 
the combinations they present are usually much more various and 
heterogeneous than in any ordinary histioid growth. We even 
meet in them with structures which recall the appearance of some 
normal organ — the differences lying chiefly in the rudimentary 
nature of the outward shape or configuration, and the abnormal 
site. Sometimes the various tissues are grouped into something 
like orderly disposition, giving one the impression of a more or less 
organised foetus. 

Teratomata, when externally visible, are usually placed at parts 
of the trunk corresponding to those at which double monstrosities 
cohere. These are chiefly — the lower end of the spine, the head, 
and the neck. Internal teratomata are usually connected with the 
genital apparatus. 

Such teratomata are some of them true double monstrosities. 
One foetus has been surrounded and enclosed by another, and so 
has become stunted and ill-developed (Art. 13). The remainder 
are due to some misdevelopment of the tissues within a single 
foetus. 
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Dermoid ojwta form a special class of teratomata. They are 
cysts whose inner surface has the same structure as the normal 
skin; but they occur in places where no skin is ever found 
normally. Their commonest seat is in the generative organs, 
especially in the ovary. More rarely they are found in other parts, 
such as the peritoneum, neck, and arouna the orbit. The smallest 
examples form little cysts which, as in the ovary, are distinguishable 
from their contents. The contents are usually greasy, semi-solid, 
yellowish-white, and interspersed with hairs. The wall is thicker, 
firmer, and whiter, than that of the Graafian follicles. Under the 
microscope it is seen to be composed of a corium and epidermis : it 
may even contain hair-follicles and sebaceous glands, or more 
rarely sweat-glands. Now and then an adipose layer, like the 
subcutaneous fat, is found beneath the corium. In rare cases, flat 
or irregular framnents of bone or cartilage and even teeth are 
found beneath the cutaneous layer. The teeth may also be found 
free within the cyst. Very rarely the cyst- wall contains muscular 
or nervous tissue. The larger aermoids, i. e, those reaching from 
the size of a walnut to that of the fist, are sharply marked off from 
the surrounding tissues by a fibrous capsule. They enclose large 
quantities of oily or greasy detritus, interspersed with fair or 
reddish hairs. 

Dermoids are found in young individuals as well as old. Some 
are found even in the new-bom. They grow very slowly. Judging 
by the special character of their lining membrane, these formations 
would seem to be derived from the same rudimentary elements as 
the external skin. They are probably due to aberrant germinal 
cutaneous cells from the epiblast, which have somehow wandered 
to an abnormal site, and there have at a later stage begun to 
develope after their kind. 

References on the subject of teratomata and dermoid cysts : — Art. 13 ; 
KoHLRAUSCH, MuU^s AfcL 1843 ; Lebert, Oaz, m^d, de Paris 1852 ; Rehak, 
Deutsche KlinUc 16, 1856 ; Heschl, Prager Viertelj. 1860 ; Lucre, Handb. d. 
Chir, V, Pitha u, Billroth it ; Haffter, ArcL d, Heilk, xvi, 1875 ; PANm, 
VircL Arch. vol. 72 ; Klebs, Handh. d. path, Anat, ; Danzel and Martini, 
Arch, /. klin, Chir, xvn ; Waldeteb, Arch, f. OytUik, i ; Wilson Fox, 
Joum, of Anat, 1865 ; Gordon, Med, chir. Trails, xiii ; Paget, Surg, Path. 

179. Besides the teratomata there are other tumours more 
nearly allied in structure to the ordinary forms, which are either 
congenital or appear so soon after birth that their origin may with 
more or less certainty be referred to the embryonic period. The 
best-known examples are the congenital anglomata and pig- 
ment-ipoti (beauty-spots, moles) in the skin. The former have 
already been discussed (Arts. 148 — 150). Of the latter we have 
merely to say — that they appear as brown or black slightly raised 
patches in the skin, and are composed of tissue exactly resembling 
alveolar sarcoma (Fig. 54) covered over with epidermis. 
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We may likewise mention in this connexion — certain cutaneous 
fibromata ; enchondromata of the skull, spinal column, and fingers ; 
myxomata of the jaws ; renal adenomata and cancers ; and cystic 
adenomata seated on the sacrum and communicating with the 
central canal of the spinal cord. 

The number of really congenital tumours observed is by no 
means great. Cases of tumours appearing in the earlier years of 
infancy and referable to embryonic conditions are more numerous. 
Of this kind are the sarcomata of infancy ; especially the form of 
myosarcoma of the kidney referred to in Art. 153. It is not 
impossible that some of the ovarian adenomata may date back to 
the embryonic period. If we consider carefully the scanty details 
we possess of congenital tumours, taken in conjunction with the 
familiar facts of post-embryonic tumour-formation, we must admit 
that the support which Cohnheim's theory derives from this side 
of the subject is not very great. 

It must not however be forgotten that this theory requires the 
existence — ^not of congenital tumours — but only of congenital rudi- 
ments of tumours. As to these latter our knowledge is unfortu- 
nately very small. It is almost entirely confined to the pigmentary 
and vascular naevi we have mentioned. They may be regarded, 
and with equal justice, either as germinal rudiments of tumours, or 
as developed growths. The former view is justified by the fact — 
that in later life it is not uncommon for these structures to 
develope into true malignant tumours. 

Tumour-germs in bone were discovered some years ago by 
ViRCHOW (Berlin, acad. Monatsbericht 1875). He showed that 
islands of cartilage, which remain untransformed in the general 
ossifying process, may in later life become the starting points for 
the formation of chondromata. 

Nothing certain is known of embryonic epithelial germs, such 
as may subsequently develope into tumours. Their existence may 
be surmised in the case of early epithelial tumours of the ovary, 
kidney, or intestine; but it has not been demonstrated. The 
frequently observed accessory glands occurring in connexion with 
the pancreas, mamma, thyroid, &c. are not to be regaixied as mere 
germinal rudiments, inasmuch as they contain fully developed 
gland-tissue. 

From what we have said, then, it will be seen that the histolo- 

Scal evidence for the existence of embryonic germinal tissue in the 
Uy developed organism is very slender. 

ZiEGLER describes a tumour of some interest which he found in the small 
intestine seated in the mbmucosa; it was as large as a pea, and was made up 
of minute cysts. It should probably be regimded as a local misformation, 
rather than a deposit of germinal tissue. Its cysts contained papillary 
excrescences covered with columnar epithelium; and smsdl glana-tubules 
were found in the cyst- walls. It is conceivable that, from a misformation of 
this kind, a true tiunour might at some time or other begin to develope. 

References on congenital tumours: — ViRCHOW, Die krank, Oeschwiilste; 
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DuzAN, Du cancer chez les en/anU Paris 1876; Ahliceld, Arch,/. Cfyndk, xvi ; 
RoHREB, Das primUre Nierencarcinom Zurich 1874 ; Maas, Berl, klin. Woch, 
47, 1880; C. VoGT, Ueber angeb. Lipome In. Diss. Berlin 1876; Chiari, 
Jclhrb. d. Kinderheilk, xiv ; Weioert, Virch. Arch, vol. 67 (renal adenoma). 

Many authorities are of opinion that Oohnheiic's theoiy is strongly home 
out by the experiments of Zahn {Sur le sort des tissus emplanes dans Vor- 
gantsme. International Med. Congress, Geneva 1873) and Leopold (Virch. 
Arch, vol. 85). They took bits of cartilage from a living foetal rabbit, and 
transplanted them into the peritoneal cavitv and anterior chamber of the eye 
of an adult rabbit. The cartilage continued to grow, while pieces of cartilage 
taken from animals after birth were merely aMorbed. * This scarcelpr seems 
sufficient ground for Cohnheim's generalisation. The fiunilty of growing after 
transplantation is not manifested hy all foetal tissues : many or most of them 
are dissolved and absorbed by the disintegrating action of the fixed and migratory 
cells of the new matrix (Leopold, Arch, f, QynAk, xviii). These experiments 
only show that foetal cartilage has the power of persisting and even of 
growing for a time — in spite of defective nutrition, and the absorbent actiou 
of the cells of the other tissues. 

180. The inadequacy of the evidence for the existence of 
germinal embryonic rudiments in the adult tissues makes it appear 
a somewhat bold step to ascribe an embryonic origin to all tumours 
whatsoever. The observed and recorded cases do not justify us in 
saying more than that some tumours arise in rudimental structures, 
which were histologically distinguishable from the normal tissues 
before the tumour oegan to grow. And even in saying so much 
we must not interpret the term embryonic too literally. Embry- 
onic formations are such as possess a structure resembling that of 
undeveloped tissue — an indefinite structure preceding the defini- 
tive or specialised structure. Tissues that are merely misdeveloped, 
pieces of tissue (such as epithelium or gland-tissue) displaced from 
their proper seat and transplanted elsewhere, as in the case of 
accessory glands and dermoid cysts, are not what we understand 
by embryonic tissues. 

The class of tumours referable to embryonic rudiments will be 
somewhat enlarged, if we enlarge the signification of the term em- 
bryonic so as to include under it all tissues in process of active and 
energetic growth. 

So lonfi[ as an oigsm continues to grow, so long are multitudes 
of new cells formed in it. These formative cells may be called 
embryonic, inasmuch as they continue to multiply actively and so 
are nearer akin to the cells of the embryo than to those of mature 
tissue. In this way osteoblasts and osteoclasts and the prolifera- 
ting cartilsfre of crowin&f bone, the cells of the enlanrinc: uterus in 
p4nancy7the tLue o! the mamma preparing f^ lactation, all 
might be described as embryonic. If tne hypothesis be thus 
extended, a whole series of tumours will certainly be comprehended 
under it. When, for instance, a tumour developes in the mamma 
or uterus in connexion with parturition, or a sarcoma or enchon- 
droma fonns in bone, periosteum, or marrow during ossification, it is 
not difficult to believe that the same cells which are building up 
the normal tissue may also give rise to the tumour. 
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But if we extend the meaning of the term embryonic so as 
to include all this, where are we to stop ? Growth, i,e, restoration 
and replacement of what is being used up, continues throughout 
life. Surface epithelium is cast off and is regenerated ; glandular 
epithelium is used up and replaced; even bone, though it seems 
so stationaiT, is exposed to changes at all stages of life — it is 
being resorbed by the osteoclasts and built up again by the 
osteoblasts. 

If all post-embryonic processes of growth are to be styled embry- 
onic, we cannot refuse to give the same title to all the processes of 
new cell-formation that occur during life. If this be granted, em- 
bryonic tissue becomes exactly the same as that which Virchow 
called proliferous tissue, i.e, tissue capable of proliferation. We 
^ain nothing by the mere substitution of one name for another : 
m the present case we lose something, for we are no longer able to 
distinguish id expression between embryonic and post-embryonic 
formation. For this reason it is better to confine the term em- 
bryonic to tissues which actually originate in the embryonic 
period. 

The fact that we really know nothing of the persistence of true embryonic 
ti^s8ue — or in other words, that it has not been histologically demonstrated — 
is acknowledged by Cohnheim. He seeks to explain the fact by supposing 
that the embryonic foci are very small and hard to distinguish ; or even that 
the germinal cells may be mingled with the normal elements and so not 
distinguishable at all. It is not easy to imagine how embryronic cellular 
germs can possibly remain unchanged m the midst of mature tissue. Cohn- 
HEIM and Maas (Vtrch. Arch. vol. 70) have shown that living tissue, such as 
periosteum, when introduced into another tissue like the lung, may continue 
to grow for a time ; but afterwards it is absorbed and destroyed by the tissue 
in which it lies. An embryonic germ seems to have but three courses open 
to it. It may remain embryonic : in this case it is as it were alien to the 
tissue in which it lies, and will be absorbed like an organic foreign substance. 
It may assimilate itself physiologically as well as anatomically with the 
surrounding tissue, taking part in its physiological function and working with 
it : in this case it loses its embryonic character. Or thirdly, it may develope 
into an independent formation, mterpolated as it were into the general system: 
in this case it forms what we call a congenital tumour (naevus, adenoma, 
sarcoma). 

Hasse has attempted to give Cohnhedc's hypothesis a morphological 
basis {Die BezUhungen der Morpholoffie zur Heilkunde Leipzig 1880). The 
morphologist distinguishes two kinds of substances within the oisanism : one 
kind undergoes a series of transformations, the other provides for the 
formation of new tissue. The latter he describes as 'embryonic substance'. 
It is represented by cells which have undergone little or no transformation, 
and are the more apt to multiply the less their original character and 
structure has been modified — the nearer they stand to the formative cells of 
the embryo. From these cells only can new tissue be formed. Tumours are 
especially likely to be developed at spots where these 'embryonic cells' are 
abundant and unmodified. Hasse's distinction between proliferous and 
non-proliferous tissue-elements is perfectly just (Arts. 84 — 89): and anyone 
may if he chooses caU the former embryonic (as do French writers especially). 
In this case however the antithesis, on which Cohnheim lays so much stress, 
between the cells of the embryo and the proliferous elements of the organism 
after birth, simply ceases to exist. 
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181. It is plain from the above that we do not think the 
hypothesis tenable which refers all tumours whatsoever to pre- 
existing embryonic germs. Anatomical investigation forces us 
rather to the conclusion that tumoiurs may arise in tissues that 
are in very different states^-embryonic, growing, mature, or retro- 
gressive. 

What is then the efficient cause of the formation of a tumour ? 
It is as yet impossible to give any precise answer to this question. 
It is highly probable that the causation of the various classes of 
tumours is not subject to one law only, but to several. 

The entire behaviour, anatomical and biological, of tumours 
justifies us in regarding them as formations more or less emanci- 
pated from the matrix-tissue. It is true they draw their nutriment 
from the organism, and cannot continue to grow without its 
support. In other respects, however, they behave like independent 
^owths isolated from the rest of the organism. It is in this 
mdependence or quasi-isolation that the aetiological difficulty 
really lies. How does the neoplasm thus assume properties dis- 
tinct from those of its surroundings? We believe that the 
phenomenon is ultimately due to some change affecting individual 
elements of a tissue, whereby they are rendered dissimilar to their 
neighbours. The change is ms^iifested especially in this — that 
the normal checks to the indefinite growth of the proliferous cells 
(Arts. 78 — 83) are inoperative or inadequate; either because the 
formative and productive energy is increased, or because the 
restraining influence of the surrounding structures is diminished, 
or from both causes together. 

In the case of tumours appearing in the organism during the 
stage of development, it is most natural to suppose that the 
originating cause lies in an increased local growth due to intrinsic 
conditions : or, it may be, in a disturbance and diversion of the 
developmental process from its normal course. What the ultimate 
factors determining these deviations may be we know as little as 
we do the causes of gigantic overgrowth or local dwarfing of a limb 
or organ. When the anatomical and physiological relations of the 
affected tissue are altered to a certain extent by this local change, 
it would seem as if the tissue had no longer the power to maintain 
the normal direction in which its development should proceed. 
The altered relations (such as misplacement, &c.) seem to involve 
the withdrawal of the limiting and directing influence exerted 
on the growing tissue by its environing structures. The result is 
the development of a tissue of abnormal type, a local misformation 
in the histological as well as the anatomical sense. The tumours 
whose genesis is probably of this kind are chiefly the connective- 
tissue growths of childhood. Among epithelial tumours we may 
also perhaps include the few observed cases of renal and intestinal 
cancer, and of ovarian adenoma, in infants. 

It is thus not impossible that tumours of the developmental 
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period may arise from causes similar to those which give rise 
to local msdformations in the stricter sense of the term. Arrest of 
the process by which osteoblastic cells are transformed into bone 
might thus, for example, give rise to an abnormal formation of 
tissue such as cartilage, in other words, to enchondroma; or by 
encouraging an over-abundant cellular growth, to sarcoma. 

Tumours arising in a mature tissue are to be explained only by 
supposing some antecedent alteration over a more or less extensive 
region of the tissue. This alteration must be of such a kind as 
to favour the emancipation of the subsequent neoplasm from its 
matrix-tissue, without at the same time diminishing the neoplasm's 
own productive power. This last indeed must rather be increased. 
In this way we may perhaps explain the operation of a traumatic 
lesion in inducing the growth of a tumour. In special circum- 
stances it is conceivable that such a lesion may fulfil both the 
essential conditions we have named. 

In the case of the connective-tissue growths of later life, 
it would seem as if increased cell-activity were always a necessary 
condition for their development. This must presumably always* be 
a condition of tumour-formation in tissues whose cells are replaced 
but slowly or not at all. The primary impulse which excites 
the cells to active CTowth may be derived from some change either 
in the cells themselves, or in the intercellular basis-substance. 

With regard to epithelial tumours, anatomical investigation 
shows that increased cell-production is not an indispensable pre- 
requisite. In the carcinomata of later life, for instance, it would 
appear that the origin of the neoplastic growth is to be looked 
for, not so much in any increased activity on the part of the cells, 
as in a change of mutual relation between the several constituents 
of the tissue. Thiersch has pointed out — that in old age this 
latter effect may be due to certain retrogressive changes which 
then make their appearance. In the conum, for instance, such 
changes lead to a loosening of its texture, and so modify the 
relations of the epithelial cells to the fibrous tissue. This modifica- 
tion may make itself felt in one of two directions. In the first 
place, the epithelium, alwajrs in process of decay and replacement, 
may in the course of its physiological growth and multiplication 
penetrate to regions which are normally devoid of epithelium. 
Loosening and displacement affecting the fibrous basis of an organ 
mav give rise to something like fissures or spaces with free surfaces, 
and mto these the contiguous epithelium may readily penetrate 
and grow. The first sproutings or outgrowths of glandular or lining 
epithelium may conceivably take place in this manner. We might 
fairly expect that the fibrous structures would as it were rise up 
against the intruder, and attempt to eliminate it as a foreis^n 
substance. This may well happen in many cases, and then the 
further advance of the process will be checked. In other cases it 
does not happen, probably because the invaded tissue is no longer in 
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its normal or healthy state. We have indeed evidence of vascular 
alteration, infiltration of leucocytes, and even of new-formation of 
vessels and fibrous tissue ; but this, the normal eliminating process, 
is feeble and sluggish, and is inadequate to deal with the intrusive 
epithelium. The vascular changes and the increased afflux of 
nutriment tend rather to react favourably upon the epithelium, 
and to foster its reproduction. It becomes gradually more and 
more active — and so the foundation of a carcinoma is laid. 

It seems not improbable that the process of neoplastic develop- 
ment does in feet occasionallv pursue thifl general course. In other 
mstances, it may well be that the fibrous basis-substance has a 
certain intrinsic predisposition favouring the formation of cancer, 
while the primary impulse which brings this into play is afforded 
only by some increase of formative activity on the part of the 
epithelial cells. 

The instructive discussion on the nature of cancer reported in the Traiu. 
Path. Soc, 1874 should be consulted in this connexion. For an exposition of 
the constitutional theory, which makes cancer a specific blood-aisease, see 
Facet, Surg. Path. Lects. 34, 35. See also Paget and Moobe, Holme^s StfU. 
of Surg. voL i ; Wilks, Ouifi Hosp. Rep. 1872. 
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CHAPTER XXIX. 
GENERAL CONSIDERATIONS. 

182. A parasite is a living organism inhabiting another living 
organism, and deriving its nutriment either from the tissues or from 
the food-supply of its host. The parasites inhabiting man are 
some of them animal, and some of them vegetable. If they 
inhabit the superficial parts of the skin or mucous membrane they 
are called ectozoa (or epizoa), if animal, and epiphytes, if vege- 
table : if they inhabit the deeper structures they are entozoa and 
entophytes, respectively. The parasitic animals occurring in man 
belong to the classes of Arthropoda, Scolecida (embrEicing the 
Platyelminthes and Nematoidea), and Protozoa. The vegetable 
parasites are all of them Fungi, and belong to the subdivisions 
Schizomycetes (bacteria), Blastomycetes (yeasts), and Hyphomycetes 
(moulds). 

The various parasites are of very various importance. Many of 
them produce no perceptible injury to the tissue in which they lie. 
Others produce very serious local changes, but have no power to 
extend their influence to remote tissues. Others invade the system, 
so to speak, and migrating in various directions produce multiple 
local affections. Many are conveyed throughout the body bv the 
blood or l}rmph, in which case serious general affections and fre- 
quently death itself are the result. The great majority of parasites, 
and especially the vegetable parasites, increase and multiply within 
the body, often to an enormous extent. Others, chiefly the animal 
forms, pass only a part of their existence within the body. The 
local changes they produce are generally confined to the mechanical 
compression and destruction of tissue, and to the setting up of 
inflammation. They affect the system as a whole by abstracting 
nutriment and oxygen from it, and by giving rise to multitudes 
of centres of disturbance ; while many of them generate actual 
poisons. The Schizomycetes or Bacteria play the most important 
part of all. It is they of all the parasites that have most power 
of exciting general or systemic affections. The Blastomycetes and 
Hyphomycetes, fungi akin to the yeast-fungus, and mould-fun^s 
respectively, exert a merely local influence. The animal parasites 
become dangerous in virtue of their size or multitude, or by 
penetrating mto vital organs. 

Parasitism is an extremely common mode of life throughout the organised 
world. Innumerable plants and animals are parasitic either for a season or for 
the whole course of their life. Accordingly there are few living organisms 
that are not inhabited by parasites. A plant or animal which merely inhabits 
the body of an organism is not necessarily a parasite. The term is only 
applicable to organisms nourished at the expense of their host. 



CHAPTER XXX. 
THE SCHIZOMYCETES OR BACTERIA. 

I 

Morphology t Development, and Classification. 

183. The Schizomycetes or Schistomycetes, frequently included 
under the general term Bacteria, belong to the Protophytes — the 
smallest and simplest of all plants. Many of them are so small 
that they approach the limit of visibility, even when the highest 
powers of the microscope are used. When they occur in animal 
tissues they are to be distinguished only with great difficulty, and 
by special methods. Special reagents or staining processes must 
be employed ; sometimes certainty is only reached by experimental 
cultivation of the products of disintegration of the tissue in 
question. That they do occur in animal tissues is now established 
beyond all doubt. Their growth and multiplication have been 
experimentally demonstrated. 

The Bacteria are all of them unicellular organisms devoid of 
chlorophyll: they are often however aggregated into larger or 
smaller colonies. CoHN has classified tnem according to their 
form into Sphaerobacterla (globular cells), Microbacterla 
(minute rod-like cells. Bacteria proper), Desmobacterla (larger 
rod-like or filiform cells, Filobacteria), and Spirobacteria (twisted 
or spiral cells). Movements are noticed in the three latter forms ; 
their protoplasm is therefore contractile. Neither potash, ammonia, 
nor dilute acids destroy them, so it is probable tnat they possess 
a bounding membrane. Bacteria grow longitudinally: new cells 
are formeif by transverse subdivision. These remain In connexion 
with each other, or become detached. 

Von Nencki's researches (Joum.f. prakt. Client. 1S79, Beitrdge 
zur Biologie der Spaltpilze 1880) go to show that the bacteria are 
composed of a peculiar albuminoid body which he has called 
mycoprotein. Tney contain only the minutest quantities of 
bodies resembling cellulose. 

The above classification of the Bacteria is taken from Cohn {Beitrdge zur 
Biologie der Pflanzen voL i ; Q. Joum, M. S. 1873, 77, 79), and his work has 
been mainly followed in the next four paragraphs. He makes the following 
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remarks on the general question of classification : — " I have oome to the con- 
clusion that the Bacteria are as capable of exact specific classification as other 
planta They lie at the limit of microscopic visibility. In the minuter forms 
it is therefore impossible to make out either structure or organisation. The 
size and shape of the ceUs, and the mode in which they are combined into 
colonies, are then the only differerUvae : of these however it is not always easy 
to say whether they indicate original specific distinctions, or whether they 
depend on external conditions and lie within the limits of variability of one 
and the same species. Size is the easiest feature on which distinctions may 
be based, though even this is by no means easy to determine in the minuter 
forms. Differences in the mode of reproduction are only discoverable in 
the higher forms, such as the Bacilli. The genera of Bacteria have not 
the same significance as those of the higher plants. They are based chiefly on 
the characters of the vegetative cell-forms, not on the reproductive features. 
Every form distinguished by prominent or obvious characters is provisionally 
furnished with a generic name : smaller deviations serve to designate the 
species. It is thus not at all impossible that some of such species and genera 
may really represent different developmental stages of one and the same 
fungus." Since this utterance of Cohn's a great number of researches 
have been made into the growth and multiplication of the Bacteria. Koch 
especially has devoted himself to the subject (Mittheil, a. d, kaiwrl. Oesund- 
hetUanUe Berlin 1881). After long-continued experiments on cultivation, 
in which bacteria were bred in nutritive gelatine ^*the dry process') he 
has reached the conc\usion — that each species of bacteria possesses character- 
istic and easily recognisable peculiarities in respect of structure, form, 
size, and mode of growth of its colonies on the gelatine. 

The Schizomycetes have been very variously named by different authors. 
Pasteur speaks of them as v^^atuc cryptogames ou mioroscopiques, animal'- 
cuUsy champignons, infusoires^ tondao^, bact^ries, vibrionienSy monadex, 
myooderma. In Germany the terms Monaden, Vibrionen^ MUcrozyma and 
(by Klebs) Mikrospora and Monadine have been used. Billroth introduced 
the term Coccobacteria. In England we have corresponding terms, with others 
like monadSf zymes, microzymss (SAin)ERSON), microphytes^ &c. 

184. The Sphaerobacterla are the smallest of all bacteria. 
Under the microscope they appear as bright round or ovoid 
spherules of scarcely measurable size. Two genera are distin- 
guished : Micrococcus (Fig. 74, i) and Sarcina (Fig. 74, 16). 

The spherules known as micrococci exhibit no perceptiblo 
organisation, but it is highly probable that they are differentiated 
into cell-membrane and cell-contents. They are found in liauids 
and in tissues either isolated, or arranged like strings of beaos or 
' chaplets * (Fig. 74, 16), or grouped in colonies (zoogloea, Fig. 74, 2). 
On examination it is found that in these colonies or zoogloea 
the separate spherules are united by a gelatinous intercellular 
substance. Cohn affirms that this is nothing but the swollen and 
thickened cell-membrane. VoN Nencki affirms that it consists of 
mycoprotein. 

With regard to their growth and increase, it is made out that 
the individual cells first elongate and then subdivide transversely. 
If the subdivided cells remain conjoined the result is a diplococcus 
(Billroth). If the process of subdivision goes on, the new cells 
remaining attached and in line, chains or cnaplets are produced. 
If large numbers of spherules remain afler subdivision within the 
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swollen and continually enlarging membrane, the result is a mass 
of zoogloea. 

The genus Micrococcus includes several species. These are 
distinguisTied partly by their morphological and partly by their 
physiological characters. In the first place the micrococci are of 
various sizes. When cultivated on a proper soil they form colonies 
of various types. Many of them as they multiply produce yellow, 
red, blue, green, or brown colouring matters. Lastly, the eflfects pro- 
duced in the soil or liquid in which they grow are various; nor do 
they all flourish on the same kind of nutriment. It is still doubt- 
ful whether the micrococci are motile. The oscillatory movements 
observed in them are probably to be regarded as Brownian or 
pedetic movements. Elebs believes that the zoogloea are con- 
tractile. 

The genus Sarcina is very clearly marked. The globular cells 
divide crosswise, and the daughter-cells usually remain combined 
in tetrads (Fig. 74, 16). Various species have been distinguished 
according to the size of the cells. 

Billroth and Klebs assert that micrococci may grow into rodlets 
or bacilli. It is not to be denied that some bacterial spherules become 
transformed into rods (Art 185), but Cohn is probably right in maintaining 
that Micrococcus is a definite genus of constfmt form. Zisgler has 
cultivated Micrococcus ItUeuSy a bacterium which developes on boiled eggs 
exposed to the air and forms yellow zoogloea ; and though the experiments 
were carefully made to that end, he comd never obtain bacilli, but always 
micrococci. Experiments on parasitic micrococci seem equally to indicate 
that there is a genus of bacteria which forms globular cells only. It is not 
yet certain whether or not the micrococci produce spores. Koch thinks it 
imlikely. See also Ewart, Proc, Roy, Soc, xxvn. 

185, The Microbacterla are classed together as a single 
genus Bacterium. The principal species are Bacterium termo 
(Fig. 74, a), and Bacterium lineola (Fig. 74, 6). The first appears 
in the form of minute cylindrical rods, 0'5 to 1*5 micromm. in 
length, and appearing bright or dark according to the mode of 
illumination. Sometimes they remain at rest, sometimes move 
about more or less actively. From their manner of subdivision 
they are often found coupled in pairs; they do not usually form 
chains or chaplets ; but are often grouped as zoogloea (Fig. 74, 4), 
which are remarkable for the great abundance of the gelatinous 
intercellular substance. B, termo is very generally found in putre- 
fying matters. B. lineola resembles B, termo, but it is larger in 
every wajr. It is found in water, in infusions, on potatoes, &c. The 
cells, which are from 3*8 to 5 micromm. in length, contain a clear 
bright substance interspersed with fine granules. In other respects 
the bacterium resembles B. termo; it swims about actively, moving 
forwards and backwards in curves, rotating, or oscillating. At 
times it remains motionless. It forms continuous pellicles on the 
surface of liquids containing it. 

When micrococci or microbacteria have exhausted the nutri- 
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ment contained in the licjuid in which they live, they fall to the 
bottom as a powdery precipitate. 
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Fxo. 74. Various forms 07 bacteria (x oOO in each ca»e) 

1, Micrococcus tepticut; a separate, 6 in chapleis. 2, MicrococcuB diplUheriticvt 
fonning a zoogloea-mass. 8, Bacterium termo, 4, Zoogloea of B. termo. 5, Bae- 
terium lineola, 6, Baeillut subtilis. 7, Baeillut anthracit, with red blood-cells. 
8, Flagellate bacillas from the month. 9, Baeilltu leprae (Armaubr Hansen). 
10, Ba(nllns with terminal and medial spores, from a putrefying liquid. 11, Bacillue 
malariae (Klebs), with spores. 12, Vibrio terpetu (Cohn). 18, Spirochaeta ObeT' 
meyeri ('spirillum* of relapsing fever). 14, Spirillum volutane (Cohn). 16, Sarcina 
ventriculi. 

As has been indicated in Art 184, Billroth, HALLnsR, and Klebs maintain 
that the microbacteria represent merely a developmental stage in the life-history 
of the micrococci. Biixroth {Unters, iiher Coccobacteria teptica Berlin 1874) 
believes that all bacteria belong to a single species of plants, the members of 
which are composed partly of round and partly of rod-like segments varying 
greatly in size. The round segments are the cocci, the rod-like segments 
bacteria. Each form may pass into the other on occasion ; though they so far 
breed truly that for some generations cocci produce only cocci, and bacteria 
only bacteri& According to size we may distinguish them as micrococci, 
mesococci, and megacocci, and microbacteria, mesobisu}teria, and megabacteria. 
Megacooci may break up into micrococci. The plant which jiasses through 
all these stages Billroth calls Coccobacterium septicum. In the process 
of multiplication it developes a gelatinous envelope or gliacoccua When 
this occurs at the surface of a liquid so that a pellicle is formed, he calls 
it petalococcus or petalobacterium. Masses of cocci enclosed in a cylindrical 
sheath of gliacoociis are called ascococci (Van Tieghem, BuU, Soc. Botanique 
1880). Coupled spherules are diplococci ; chains or chaplets of spherules, 
streptococci : and in like manner he describes diplobacteria, and streptobacterla. 
Kay Lankester (Q. Joum. M. S, 1873) also inferred from certain experiments 
of his that Cohn^s forms are not really distinct. Haberkorn (Bot. Centralb, 
10, 1882) maintains that Cohn's four divisions merely represent diverse species 
of a single genus. Billroth's view of the specific unity of all the bacterial 
forms has been discredited by later researches {of, Tieoel, Virch, Arch, vol. 
60 ; Lister, Tram, Roy, Soc Edin, 1875). 

Klebs {Arch, /. earn. Path, iv) divides the globular and rod-like bacteria 
into MicrosporiTia and Monadina, He defines the Microstportna as small 
micrococci which in the resting state form well-defined and compacted 
balls ; the several spherules being regularly deposited in layers and surrounded 
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by only a Binall quantity of gelatinous matter. The peripheral spherules 
grow into minute motile oacteria, which tend to move away from the mass, 
and thus further the diffusion of the organisms through the nutrient 
liquid. The highest stage of their development is reached in the formation of 
a matted tuft of imbranched filaments. The monadina form loose balls, 
from which motile monads or vibrios break away. These grow into rodleta 
which are relatively short and broad ; and these again subdivide ; they 
probably increase also by conjugation. They then pass into a resting 
state, and lie quietly 'alongside each other. Lastly they break up into 
spherules; it is rare for them to form tufts or clusters. They require 
oxygen, and thrive better on albumen than on gelatine. 

It is not yet certainly known whether Bacterium termo produces spores 
or not. It has been described as possessing flaaella by Dallingbr and 
Drtsdale {Month, Mic, Jouni, xrv), and by Koch (peitrOge zur Bid, 1877). 

186. The Degmobacterla (or Filobacteria) are cylindrical 
rodlets of varying length; some of them are thick, and some 
slender and delicate. CoHN describes a straic^ht form which he 
calls Bacillus, and a wavy or curved form which he calls Vibrio. 
Bacillus increases by transverse subdivision, and firequently 
forms a long string (Fig. 74,6) commonly referred to as a 
leptothrix (Hallieb). It is not always easy to make out that the 
string is made up of distinct rodlets. In other cases bacilli form 
swarms. Many bacilli pass through both a resting state and a 
swarming state. Many are provided with a flagellum or cilium, 
which acts as an organ of locomotion (Fig. 74,8). The best 
representatives of this genus at present known are B, svbtilis 
(Fig. 74, 6), B. anthracis (Fig. 74, 7), B. tuberculosis (Fig. 80), and 
B. leprae (Fig. 74, 9). The various specific forms are distinguished 
by their general size, and by the relation of their length to their 
breadth. Some of them are cut off square at the ends, others are 
rounded oflf or pointed. Even more marked differences than these 
become apparent when the various forms are cultivated in nutrient 
liquids. * Cultures ' of this kind have been made by CoHN, KoCH, 
Klebs, Brefeld, Prazmowski, Lister, Naegeli, Buchner, 
Klein, and many others, and we have thus come to know some- 
thing of the life-history of many of the varieties. CoHN bred 
the B. subtilis in hay-infusions; KoCH the B. anthracis found 
in the blood and tissues of animals suffering from splenic fever ; 
and also the B. tuberculosis (Art. 206). 

The life-histories of the different species differ in many details ; 
but they usually agree in their main features. Features which 
thus constantly recur are — the longitudinal growth of the rodlets, 
their transverse subdivision and abstriction, and the formation of 
spores or gonidia. The life-history of B. anthracis is briefly as 
follows. 

If the anthrax-bacillus be observed under proper conditions, it 
is found in a short time to grow lengthwise to a very considerable 
size (Fig, 75 6). Within twenty-four hours a string or filament 
is formed (Fig. 75 c), which may be ten or twenty times as long 
as the original rodlet. In ten or fifteen hours more the clear 
contents of the filament become granular. Then appear at 
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regular distances small darker bodies, which grow in a few 
hours into larger highly refracting spores (Fig. 75 d). The 




Fio. 76. Dbvslopment of BACILLUS ANTHRACIS. (From KOCH: x400) 

a bacilli from the blood d for twenty-foar hoars ; spores are 
a^ dead bacilli forming and the filaments are 

b bacilli cultivated for three hours, breaking up 

e for ten hours, e germination of spores 

filaments afterwards break up, and the spores are set free. In 
favourable circumstances these spores may germinate and develope 
into bacilli exactly like those originally taken from the blood. 

According to KocH, each spore consists of a bright body 
surrounded bv an envelope of clear protoplasm. As uie spore 
germinates the latter grows into a rodlet (Fig. 75 e). The 
researches of Klein, Brefeld, Prazmowski, Ewart, and others 
do not corroborate this account They make out that the spore 
consists of protoplasm enclosed in a membrane. The rudimentary 
bacillus is developed not iroia the peripheral layer of the spore, but 
from its protoplasmic centre. 

In addition to this mode of increase by spore-formation 
observed in cultivated bacilli, the rodlets multiply by transverse 
subdivision. This is especially the case in the blood of living 
animals. 

As we have said, all bacilli have the power of forming 
spores. It is not however essential to the process that long 
filaments should be formed. Man^ bacilli produce spores without 
having undergone any marked mcrease m their length. The 
number of spores in each rodlet varies from one to three. They 
may occupy either a terminal or a medial position (Fig. 74, 
10 and ii). 

Anthrax-bacilli cultivated on gelatine are never motile (Koch): 
they always form flakes or tufts made up of long wavy tress-like 
or twined filaments. The bacilli of hay-infusion grow out into 
long filaments in very young colonies only. When they become 
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more mature and cause the gelatine to liquefy, they are seen 
in active movement at the centre of the colony, while round its 
periphery they stand in regular array all perpendicular to the 
surface and penetrating the firmer gelatine. The colony then 
looks as if it were surrounded by an aureole of rays. Other 
bacilli form colonies looking like tufted roots of trees: others 
again spread out in one plane and form mosaic designs. 

Cohn's and Koch's researches are published in the Beiirdge tur Bidogie 
d. PJlanzen voL ii, and Mittheil. a, d, kais. GesundheitianUe Berlin 1S81 : 
Brefeld'b are in the Botan. ZeUung 1878, and in Botan. Unters, fiber 
JSchtmnielpilze 1881 : Klein's, Sanderson's, and Ewart's, in the Qiiart, Joum. 
Micros, Science 1878. Prazhowski asserts {Unters, iiber d, Entwick, einiger 
Bacterien Leipzig 1880) that the germination of the spores of B. snJbtilis 
follows a different course to that of B, arUhracis, The mature spore is 
oval, highly refracting, sharply defined, and surroimded by a transparent 
zone. On germination the spore becomes pale, and loses its lustre and 
its sharp contour. At each pole a kind of shading appears, the spore 
meanwhile beginning to move in a tremulous manner. After a time the 
contents escape laterally in the form of a minute cylindrical shoot, which 
grows into a rodlet ; and this latter then proceeds to subdivide. 

Prazhowski has also made out the lire-history of the so-called Clostridium 
htUyricum (Pasteur's vibrion hutyriauey Van Tiegheh's Bacillus amylobacCer), 
It forms rodlets 9 — 10 micromm. long, which are seen alternately at rest 
and in moving swarms. Before fructification they increase in thickness 
and become more fusiform or pear-shaped. On germination the suore 
swells and begins to jerk about. The membrane at one end is absorbed, 
the germinal cylinder escapes, and as it grows proceeds to subdivide as 
before. 

Kern describes a bacillus imder the name of Dispora Caucasica {Bidog. 
Centralb, 5, voL ii) much resembling B. anthracis ; it is however distingmshed 
from the latter by its always exhibiting terminal spores at each end of the 
rodlets. When cultivated in milk this bacillus sets up a peculiar fermenta- 
tion, which produces an agreeable drink much used in the Cfaucasus. 

Brefeld distingmshes an external spore-membrane or exosporium which 
is thrown off in germination, and an internal or endosporium which becomes 
the envelope of the germinal cylinder. 

With regutl to the term leptothrix it is to be noted that all filaments 
or strings so named do not necessarily represent developmental stages of a 
bacillus. The fihunents formed by algae, for example, are also spoken of as 
hiptotriches, 

187. The Splrobacterla are divided into two genera — 
Spirochaeta (Fig. 74, is) with long flexible close-wound spirals; 
and Spirillum (Fig. 74, 14) with short stiflf open spirals. For the 
pathologist, Spirochaeta Ohermeyeri (13) and Spirochaeta deniicola 
are the most important species of the first genus. The former (often 
referred to simply as ' spirillum ') is constantly found in the blood 
of patients suffering from relapsing fever, during the paroxysms. 
The latter is found in the mouth and nose of persons who may 
be quite healthy or suffering fix)m nasal catarrh. The length of 
the former is twice or thrice the diameter of a red blood-cell. It 
moves with extraordinary agility through the blood, and is there- 
fore hard to see unless it be somehow fastened down or restrained. 
No structure has been made out in it. 
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No details are known of the life-history of Spirochaeta. It 
plainly increases very rapidly within the body. It probably 
produces resting-spores. 

The largest of all bacteria, Spirillum volutanSy belongs to the 
Spirilla (Fig. 74, 14). Apart from its size it is distinguished by its 
granular protoplasm and its pair of flagella. It sometimes moves 
about actively, sometimes lies quiescent. It is occasionally found 
in drinking-water. Two smaller forms, Spirillwrn tenue and 
SpiriUum undula, also belong to this genus (Art. 207). 

Biology of the Bacteria, 

188. Conditions of life. All bacteria require to be supplied 
with certain definite nutritive substances if they are to develope 
normally. The requisite substances are partly inorganic, and 
partly organic (carbohydrates and albuminoids). The inorganic 
components are derived from salts containing sulphur, phosphorus, 
magnesium, and potassium. The requisite carbon and nitrogen 
are mainly derived from animal and vegetable matters. But 
bacteria have also the power of assimilating nitrogen from 
ammonia, urea, or even nitre, provided only the other mineral 
substances needed are also present, and in addition some appro- 
priate organic carbon-compound, such as sugar. 

These nutritive substances must be presented to the bacteria 
associated with a certain amount of water. None of the bacteria 
can develope without water, though many of them may be without 
it for a time and still continue to live. This is especially the case 
with bacterial spores. If the water contains no proper nutriment, 
or if the nutriment is already used up, the bacteria cease to 
develope, and after a time die outright. But here, as when 
water is lacking altogether, it is possible for the bacteria to 
maintain life for a time. The spores are still more tenacious 
of life, and can hold out almost indefinitely. Free oxygen is 
absolutely necessary to the development of many of the bacteria : 
others can do without it if they are otherwise favourably placed, 
and in circumstances where they can set up fermentation. The 
former kind, e.g. BacilltLS a/rUhracis and j5. malariae (Klebs), 
have been called by Pasteur aerobiouB fungi. The latter, of 
which Bacterium termo and Clostridium hityricum are the best- 
known examples, are anaSrobiouB. Pure oxygen is said to kill 
bacteria outright. 

NAqeli gives minuter details of the conditions of life of the various 
bacteria (Die niederen Pilze Munich 1877, and Untersuch. iiber die nied. Pilze 
1882). Pasteur, Joubert and Chamberlakd have x>Apei^ in the Oaz. mSd. 
de Paris 1876 on the relations of bacteria to oxygen. Prazmowski asserts 
that BO far as concerns Clostridium oxygen is not merely unnecessary but 
positively harmful. B. anthracis on the other hand dies if deprived of 
oxygen, oreaking up into rounded fragments. Pasteur again affirms that 
the oaciUus which gives rise to the ' Pasteurian ' septicaemia in rabbits, dies 
if exposed to the air. According to Koch (Mitthett. a. d. h. Oesundheitsamte 
Berhn 1881), the anthrax-baciUus perishes if it is allowed to become dry ; 
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while the spores may be preaen-ed for years in the dry state. They may even 
be kept moist for a time without losing their power to germmate or to 
produce the specific infection. 

189. The temperatnre of the nutrient medium has great 
influence upon the development of bacteria. If the temperature 
be lowered, the effect is generally to slow and to weaJ^en the 
vital processes, and ultimately to put an end to them altogether. 
As the temperature is raised on the other hand, these processes 
become more and more active until a certain maximum is reached: 
carried beyond this point they rapidly and suddenly cease, in most 
instances not to revive again. The maximum temperature which 
can be borne by fimgi varies in the different species; a few are 
capable of OTowth at 70* to 74" C (Van Tieghem). The develop- 
ment of all kinds is stayed at a temperature of 5"C. They 
become stiff and immobile, but are not absolutely killed even 
by very extreme degrees of cold The rigor frigoris sets in at 
different temperatures in different species ; in the case of B. temu) 
at 6* C, of B. anthracis at 15® C. For B. anthracis the temperature 
most favourable to development is 30® — M^C; at 42® C develop- 
ment ceases. B. termo developes best between 30® C and 35® C. 

All bacteria and all bacterial germs are killed by boiling-hot 
water or steam, after exposure for a certain time. The spores 
are much more resistent than the bacteria. Iji dry air both may 
endure much higher temperatures. Spores, for instance, are not 
destroyed at a temperature of 140®C imtil after three hours' 
exposure. B. termo perishes at 65® C, if the temperature be 
kept up for a considerable time. 

Researches on the effect of temperature on the bacteria and their spores 
have been made chiefly by Eidam {Cohn^s Beiirdge z. Biologie d. Pflanzen 
vol. n), Koch. Wolffhuqel, Qaffky, and Loffler {MiUh, a. d. i, Uesund- 
keitsamte Berhn 1881), Van Tieghem {BtUl. Soc. But. 1881). The following 
are the chief results arrived at. 

Bacterium termo passes into rigor frigoris at 5®, into rigor ocdoris at 40®. 
At 45^ the ordinary putrid decomposition of albuminoids ceases to go on 
(Eidam). 

BaaUtu anthracis multiplies the more slowly as the temperature is 
lower, within certain limits. Between 30^ and 40** growth and spore-formation 
are completed in twenty-four hours. At 26^ this time is increased to thirty -five 
or forty hours. At 23^ the spore-formation occupies forty-eight or fifty hours : 
at 20® seventy-two hours: at 18® it takes five days, at 16® seven days. 
Below 15® growth and spore-formation cease (Koch). Spores are still formod 
at a temperature of 42®. See also Sanderson and Ewart, Q. Joum. Mic. 
Sci. 1878. 

Bacteria without spores when exposed to hot air cannot endure a 
temperature much over 100® for so long as an hoiu' and a half. The sporos of 
bacilli are onlv destroyed after three hours' exposure to a temperature of 140®. 
In the case of objects exposed to heat with a view to disinfection, it is note- 
worthy that the temperature penetrates very slowly. Objects of moderate 
size such as bimdles of clothing, pillows, &c. are not completely disinfected 
even when exposed for three or four hours to a temperaturo of 140® 
(Wolffhuoel). Anthrax-bacilli perish when exposed to boiling water for 
two hours ; when exposed to steam in a closed space ten minutes suffices. 
On the other hand the peculiar bacillus found in gwleu-soil is not destroyed 
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by this expcNsure. Superheated steam at 105° kills all bacterial germs. A jet 
of steam is more powerful than steam in a closed chamber. It will kill ail 
kinds of germs in ten to fifteen minutes, and it readily penetrates the articles 
to be disinfected (Koch, Gaffkt, Loffler). When using boiling water 
for disinfecting purposes, care must be taken that the heat is kept up 
longenough, t,e. until all the parts are warmed up to 100°. 

The effect of temperature in modifying the virulence of pathogenous 
bacteria will be referred to later on. 

190. Another factor of importance in regard to bacterial de- 
velopment is the presence of foreign or non-nutritive substances 
in the nutrient liquid. Many substances (like corrosive sublimate, 
bromine, iodine, and some acids) have a very powerful eflfect even in 
small quantity. They put an end to growth and fermentive action, 
or kill the organisms outright. Other substances have no injurious 
effect unless present in considerable quantity. 

The fermentive action of the fungi leads to the formation in 
the nutrient liquid of substances which, when they reach a certain 
degree of concentration, may ultimately put a stop to the groMrth 
and multiplication of the fungi themselves. In alcoholic or lactic 
fermentation, for instance, the gradually accumulating alcohol or 
lactic acid ultimately brings the fermentive process to a standstill. 

If nutritive matters be present in excess (or if, in other words, 
the supply of water be inadequate), the growth and multiplication 
of the fungi ceases in liie manner. This is the reason why 
conserves of fruit made with sugar do not ferment, why con- 
densed milk does not turn sour, and why dried or salted meat 
does not putrefy. By withdrawing^ water, or by adding substances 
which dissolve in tne organic liquids, we are able to increase 
the proportion of solids to liquids in organic substances such as 
provisions, and so preserve them from decomposition by fungi. 
The quantity of water necessary for the development of fungi like 
bacteria and the yeast-plant is greater than m the case of the 
mould-fungi. • 

Hokwath's and Reinke's researches (Pflilgers Arch, xvii, 
xxili) show that constant agitation of the liquid hinders the 
development of bacteria, and may even check their multiplication 
altogether. 

A further factor of importance in bacterial development is the 
presence of lower orders of fungi in the nutrient liquid. As higher 
plants often encroach on and interfere with each other, so it is 
possible for bacteria, yeast-plants, and moulds to interfere and 
compete with each other for nutriment (Naegeli). A bacterium, 
which is thriving and multipljdng in a given liquid, may be checked 
and ultimately Killed merely by mtroducing another fungus which 
is still more at home in the liquid. Thus if we introduce into 
a nutrient liquid containing sugar the germs of a number of 
fungi of different classes, the bacteria alone will multiply and set 
up lactic fermentation. If a half per cent, of tartaric acid be 
now added, the yeast-fungi alone will proceed to multiply, and 
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alcoholic fermentation will begin. Add now from four to five 
per cent, of tartaric acid, and mouldy growths appear. The 
tartaric acid does not kill the other fiingi; it merely favours 
one more than the others. Thus it is that in grape-must it is 
only the yeast-fungi which flourish, though other germs are 
certainly present. Only when the sugar is all used up have 
the bacteria a chance to multiply, and then they set up acetous 
fermentation. Mould-fungi may then develope in the presence 
of the vinegar, and they consume the acetic acid. Lastly, when 
this is done, the bacteria reappear and set up putrefaction. 

Even among the Bacteria themselves a like mutual interference 
and struggle for existence is observed. Micrococci may be thrust 
aside by microbacteria. Bacilli may be killed by Bacterium termo, 
when the supply of oxygen is insufficient for both. 

It is also a point of importance, when there are various kinds 
of fungus-germs present, to know which kind is most abundant. 
If the soil be equally well adapted for two or more forms, the form 
represented by the majority of germs will have the advantage. 

Koch and Wolffhugbl have made very carefiil investigations into the 
action of various substances on the life and multiplication of bacteria. 
{MittheUungen Ac, 1881). The subject has also been treated by Buchholtz 
(Arch, f, exp. Path, iv), Schotte and Gartner (Deutsche Viertey, /, off. 
Oeeund. xii 1880), Naoeli {Die niederen Pilze Munich 1877 and 1882), 
Roberts {PhU, Trans, 1874), Hamlet {Joum, Chem, Soc, 1881), and many 
others. I'he following results of investigation are worthy of note. 

Ck)rroBive sublimate has the most powerful effect on bacteria : an aqueous 
solution of 1 : 20,000 kills the spores of bacilli in ten minutes. A solution of 
1 : 5,000 is thus a certain disinfectant, even when the time of exposure is very 
short. Mercuric suluhate is somewhat less active. Koch finds that an 
aqueous sublimate-solution of 1 : 300,000 pute a step to the germination of 
bacterial spores. 

Sulphiuous acid does not take a high place as a disinfectant Bacteria 
clinging to dry objecte are killed by twenty to thirty minutes' exposure 
to an atmosphere conteining 1 vol. per cent, of sulphurous acid. Spores 
of B. subtilis and B, a^Uhracis are still capable of development after ninety-six 
hours' exposure to an atmosphere containing 5 to 6 vols, per cent of 
8ulphiux>us acid. Even when moist they are very hard to kill with it It is 
thus an altogether untrustworthy disinfectent, and all the more because it 
has little power of penetrating compact masses or bundles (WolffhCgel, 
Buchholtz, Schotte and Qartner, Xoch, Buchner). 

Carbolic acid in 5 per cent solution will kill the spores of the anthrax- 
bacillus in twenty-four hours. A 3 per cent solution will not do so in the 
same time. The bacilli however are idlled in a few minutes even by a 1 per 
cent solution. A solution of 1 : 400 checks the development of bacterial 
spores. Vapour of carbolic acid at ordinary temperatures is without effect ; 
at 55® C it kills spores in two or three hours ^KocH, loc. cit,; Dv la Croix, 
Arch, f, exp. Path. xiii). Chloride of zinc in 5 per cent solution has no 
effect on anthrax-spores — even when they have lain m it for a month (Koch). 

Iodine, bromine, and chlorine are far more active than sulphurous acid. 
Bacilli cease to grow in presence of iodine in the proportion of 1 : 5,000, and 
of bromine of 1 : 1,500. Steam from bromine- water Idlls spores in twenty-four 
hours, from chlorine-water in two days. Iodine-water and chlorine-water 
kill spores in one day, a 5 per cent solution of chloride of lime in ten day& 
Benzoic acid, sodium benzoate, potassium chlorate, and quinine have little 
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effect on spores. The following Bubstances even in dilute solution have 
a restraining influence on bacterial development — allylic alcohol; oils of 
mustard, peppermint, turpentine, and cloves; thymol; chromic, picric, 
hydrochlonc, and salicylic acids ; quinine. The effect is perceptible in 
solutions of 1 : 300,000 for oil of peppermint, of 1 : 800 for quinine, of 1 : 75,000 
for oil of turpentine. 

All disinfecting agents should be used in aqueous solution. In alcohol 
or oil they are either inactive or enfeebled. Bacillus-spores still retain their 
power to germinate after lying for months in absolute alcohol In water 
and in glycerine they may he for weeks undestroyed. 

Bacteria become less able to resist heat in presence of small quantities 
of acid. They are made more resistent by alkalies. For the effect of hght on 
their development see Engelmann, Rev, irUemoU. ScL bud, 1882. 

191. Influence on the nutrient liquid. In the first place 
the bacteria, as they grow and multiply, withdraw from the 
nutrient liquid the elements they require for building up their 
cells. These elements are chiefly nitrogen, carbon, hydrogen, 
and oxygen, as also the mineral constituents mentioned in Art. 
188. In the next place they set up marked chemical changes in 
the nutrient liquid. It is bacteria which superinduce putrid 
decomposition in albuminoid bodies; they transform sugar into 
lactic acid (as in soured milk); lactic acid into butyric acid (as 
when sourkrout ferments, or butter becomes rancid); su&^ar into 
a gum-like slime (as in ' slimy ' or ' long ' wine) ; and alconol into 
acetic acid. Large quantities of material may in this way be very 
rapidly transformed. 

Wnen albuminoids undergo putrid decomposition, we have 
formed peptones and similar bodies; a certain putrid principle 
or poison (Panum), and bodies resembling ferments; sepsin 
(Bebqmann and Sghmiedeberq) ; nitrogenous bases, like leucin 
and tyrosin ; amines like methylamine, ethylamine, propylamine ; 
fatty acids, like formic acid, acetic acid, propionic acid, butyric 
acid, valerianic acid, palmitic and stearic acids, lactic acid, succinic 
acid, &c. ; aromatic matters, indol, phenol, cressol, pyrocatechin, 
hydroquinone, hydroparacuminic acid, and paroxyphenylacetic acid 
(von Nencki, Saxkowski, Brieoer); and lastly sulphuretted 
kyd«.gen. ammonia, carbonic anhydnie. a^d wat/r. rfese pro- 
ducts are the result partly of hydration, partly of reduction, and* 
partly of oxidation. 

The immediate cause of the process is unknown. Naegeli 
(Die niederen Pilze 1877), Pasteur, Lister, and others regard the 
decomposition as the direct result of the vegetation of the 
bacteria. Decomposition and fungus are inseparable: the one 
ceases when the other is removed. Processes of this nature, 
set up by bacteria, are best distinguished as fermentations. 
Considered with respect to their property of setting up fermen- 
tation, bacteria are often described as 'formed' or 'organised' 
ferments. Bacteria have also the power of setting free certain 
substances which have a decomposing action like themselves, but 
are capable of separation from them, and are known as 'unor- 

M. 18 
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ganised' ferments. Such unorranised fennents can, for instance, 
change lactose into fermentable sugar, transform starch and 
cellulose into grape sugar, and render soluble coagulated albumen 
and other insoluble albuminoids. In consequence of such changes 
milk may undergo alcoholic fermentation, wood may become soft 
and rotten, damp bread turn sour, and insoluble albuminous matters 
be transformed mto a putrid ammoniacal slime. 

Under the influence of bacteria are also developed certain 
bitter, acrid, and nauseous products of whose composition nothing 
is known (as when milk turns bitter). Now and again colouring 
matters are produced by them, red, yellow, green, blue, and violet. 
So bread may become covered with a blood-red film of Micrococcus 
prodigiosus ('bleeding' bread). Bandages and pus in wounds 
become blue from the presence of Micrococcus cyaneus. Boiled 
eggs exposed to moist air are often quickly covered over with 
a yellow film of Micrococcus luteus. 

The hjrpotbeses proposed to explain fermentation, especially the alcoholic 
fermentation, have dqgu. very various. Some of them attempt to comiect the 
process intimately with the vital activitv of the cells which give rise to 
it ; others seek to separate them. Liebig describes the process as a molecular 
motion transmitted by matter (the unformed ferment) already in a state 
of chemical motion (i.e. in the act of decomposing) to other matters composed 
of elements in loose combination. Hoppe-Setler and Traube {PflUger^s 
Arch, xu, 1875, and Phydologische Chemie) imagine that the cells secrete 
certain unformed ferment, which produce aecomposition by mere contact 
(or catalytically), without themselves taking part in the chemical changes 
they set up. 

JPabteur {Annal, de Chinde et de Fhys, 58, 64 ; Comptes BendtUf 45, 46, 47, 
56, 80 ; Studies on Fermentation London 1879 ; Duclaux's Ferments et 
Maladies Paris 1882) regards fermentation as immediately dependent on the 
activity of the living cells. Fermentation begins only when the supply of 
free oxygen to the cells is restricted. They then beffin to abstract oxygen 
from the compounds contained in the nutrient liquid, and so disturb their 
molecular equilibrium. 

Nageli's physical (or molecular) theorv (Abhand, d. bayr. Akad. math.- 
physic. CI. xin p. 76, 1879) supposes that the natural motions of the 
molecules and atoms of the various constituents of the living cell-protoplaam 
are transmitted mechanically to the fermenting matter. The protoplaamic 
constituents remain chemically imchanged, but the molecular equilibrium 
of the fermenting matter is disturbed, and disintegration results. Nageli's 
theory emphasises strongly the dependence of the fermentive process on the 
life of the cells, and is thus in harmony with our general view that all 
vitalprocesses are ultimately cellular. 

The power of exciting fermentive decomposition in nutrient liquids is 
very probablv possessed not merely by bacteria and yeast-cells but also by 
the cells of nigtier organisms, as of man. VoiT {Fhysiolocie des Stoffwem^ 
sets Leipzig 1881) refers the disintegration of the soluole albumen circulating 
through the system to fermentive action of the tissue-cells. Pasteur has 
shown that in proper conditions fruits and leaves may exhibit fermentive 
properties. 

The chemical changes occurring in the putrid decomposition of the 
albuminoids have been studied by Nencki, Salkowski, Briegbr, and 
HiLLBR. See HiLLER, Die Lekre von der FUtdniss Berlin 1879 ; Nencki, 
Zersetzung der Gelatine und des Eiweisses bei der FUulniss mit Pancreas 
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Berne 1874, and articles in the Joum, fur prakt. ChemUy Joum, Mr phydol, 
Ckemie, and Bericht. d. deutsch, chemisch, GeseU. 1876 — 82; Salkowski, 
articles in the Bericht. d, d. chem, Oes, and Zeiiach. /. phynol. Chem, of 
the last year or two ; Brieger, Zeitsch. /. physiol, Ch&m, n, iii, iv, and 

ZeUscLf, klin, Med. iii; Gautier and Etard, Comptes Bendus 1882. 

The quantity of oxygen present has an important influence on the 
products formed in bacterial decomposition. Pasteur asserts that fungi 
which grow in presence of oxygen set up chiefly oxidative changes. Those 
which can multiply in the absence of oxygen giye rise to non-oxidatiye 
decompositions. Hoppe-Seyler {Ueh, d. Eivfiuss des SauerAoffes auf 
Odhrungen Strasburg 1881) supports this yiew by his observation that when 
oxygen is abundantly supplied to the yeast-plant the disintegration of sugar 
into alcohol and carbonic anhydride is retarded, and volatile acid bodies 
are produced in abundance. If bacteria in an sdbunrinous liquid be well 
supplied with oxygen, products like indol, hydroparacuminic acid, and 
sulphuretted hydrogen (which are lai^ely formed when oxygen is wanting), 
entirely disappear. The oxygen oxid^es them as they are produced ; the 
primary products of the fermentation at once undergo further change. 

On pigment-producing bacteria see Cohn and Sghroeter, BeitrUge z, Biol, 
d. Fflanzen voL i. 

192. Fermentation and putrefactioii can only take place in 
the presence of the corresponding fungi, and the amount of 
decomposition produced depends on the quantity of funri present. 
It does not however follow that each kind of decomposition is due 
to a single specific fungus, nor that one fungus may not give rise 
to more than one kind of decomposition. We cannot as yet define 
with certainty the kinds of decomposition which correspond to each 
species of fungus. We know however that ordinary putrid 
decomposition occurs under the action of Bactervwm termo ; while 
Cohn asserts that micrococci do not give rise to putrid change, 
but to changes of another kind. The butyric fermentation is said 
to be chiefly due to the presence of Cloatridiwm hutyricam. Anthrax- 
bacilli generate ammonia in the nutrient liquid. Li most putrefying 
substances we find bacteria of several species. 

Naeoeli affirms that it is possible by cultivation so to alter the 
properties of a bacterium that it no longer has the power to produce 
the changes originally associated with it; while it assumes the 
power of calling forth fermentations of a different kind. Thus the 
bacterium which produces the lactic acid fermentation may, he 
says, be cultivated in saccharated extract of meat in such a way 
that at first it produces in milk an ammoniacal decomposition only ; 
and it does not resume its power of generating lactic acid until after 
several generations. If this be so we may perhaps infer that within 
certain limits the physiological properties of a bacterium may be 
transmuted: or at least that, by change of condition, one or 
other of several potential functions may be called into activity. 
The facts have not however been sufficiently confirmed. 

We have said that fermentation and putrefaction are always due to fungi ; 
but we do not thereby deny that other kinds of decomposition may af^t 
organic substances in which fungi play no part. Such changes do in fact 
occur. They usually take the form of slow oxidation or combustion, in 

18—2 
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which carbonic anhydride, water, and (in nitrogenous substances) ammonia, 
are formed. Such slow changes are set up when organic matters are in 
contact with water and atmospheric air. They also of course occur in the 
living organism. In dead organic matters the process corresponds in part 
to what is called * dir rotting ' or ' mouldering \ 

Brieger {Zeitscn. f, lAin, Med, in) thmks that the various aromatic 
products of the putre&ction of albumen are equally well obtained whether 
it is set up by the addition of sewer-mud or of pancreas. The essential 
fiEu;tors are the duration of theputrefactive process, the temperature, and the 
amount of oxygen present. Tne albuminoids undergo the same changes in 
the intestine as they do in artificial putrefaction brought about outside 
the body. The same series of changes are also set up in putrid pleurisy 
and bn>nchitis, and in puhnonary gangrene. 

193. Bacteria without and within the body. If the facts 
already cited be duly considered, it will appear very probable a 
priori that the diffusion of the bacteria is enormously wide. Matters 
on which they can grow and thrive are found almost everywhere. 
We might especially expect to find them wherever dead orcfanic 
substances occur, either in solution or at least associated with a 
certain amount of water. This expectation is fully confirmed by 
experience. Bacteria are found in all waters whether flowing or 
stagnant, in all liquids that can ferment or putrefy, and in all 
vegetable and animal tissues that are sufficiently moist. 

KocH*s researches have shown that the surrace soil or mould is 
extraordinarily rich in bacterial germs. It is surprising to learn that 
these are chiefly the germs of bacilli ; but micrococci are also found. 
In soils soaked with midden-runnings the micrococci are more 
numerous than the bacilli. If the soil become very dry, the 
micrococci disappear while the bacilli persist. This is due to the 
fact that the resting-spores of bacilh are very tenacious of life. 
The micro-organisms present diminish rapidly as we go deeper. 
At the depth of a metre they seem entirely absent. Spring-water 
coming from a depth contains hardly any. 

But we have by no means exhausted the field of their dis- 
tribution. When liquids containing fungi are violently shaken or 
broken into spray, the fungi pass into the air. This happens also 
when such a liquid dries up, or when a solid nutritive substance is 
broken up or disintegrates. If in the latter cases no substances are 
present which agglutinate the bacteria into a compact mass, the^ 
may pass into tne air in immense numbers. Owing to their 
extreme smallness and lightness (Naeqeli estimates the weight of 
small moist bacteria at one ten thousand millionth (10'^^) of a 
milligramme) they are carried about by the faintest breath of air. 
In this way they must of course very often reach and rest on bodies 
which can offer them no nutriment. But thev must also often fall on 
a fit soil, and then proceed to grow and multiply afresh. Circum- 
stances in general are in fact so favourable to the bacteria that we 
find them or their germs almost everywhere ; but chiefly where the 
presence of organic matters, moisture, and warmth go to &vour 
their multiplication. 
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Nagbli (Die niederen PUze Munich 1877) asserts that fungi can only pass 
into the air when their nutrient liquids dry up. Sotka {Munch, dead. 
SiUunasber., nicUh.'phys, CI. 1871) has shown that bacteria may be swept 
out of liauids that contain them by gentle air-currents. Buchner (i^eb, d. 
Beding. a. UebergaTiges von Ftlzen in d. Laft u. uh. d. Einathmung derselbeUy 
Zur Aeticl. d. infectuyMkromkh, Munich 1881) disputes Sotka'b conclusions. 
He maintains that even strong currents of air are insufficient to sweep 
bacteria from a liquid : and that even in the case of dried-up masses 
containing fungi, the fungi are not set free unless the surface is actually 
broken. Ziegler agrees rather with Buohner'b view. 

NAOEiii further thinks that very slight upward air-ciurents are enough 
to prevent floating bacteria from settung down. The condensed watery 
vapour that surrounds them tends to maintain their buoyancy. Friction 
also retards their &U. See Sotka, Ueh. Carudgase als Verbreiter epidem. 
Krankh. and U^. Richtung und SUi/rke d. Luftzuges in SideT^ DeiUsche Viertelj. 
f. Sffent Oezundh. xiv, 1882 ; and Ueb. d. Natur und d. Verbreitung d. Infec- 
tionserreger, Zur Aetiol. d. InfeOiomAkrankh. Mimich 1881 ; Naqeli, Unter8V4ih. 
ah. nied. PUze. Munich 1882. 

Wbrkich (Cohn*8 Beit. z. Biol. d. PJiamen ui) has shown that air-currents 
may sweep off bacteria from moist fungus-masses adhering to the surface 
of solid bodies. Researches on the bacteria and bacterial germs found in 
the air have been published by Cohn (loc. cit.), Miquel (Des bact&ies 
(UnuMph&imtes, Oaz. mid. de Paris 30, 1880), Wernich ( Virch. Arch. voL 79), 
Ttndall (Floating-matter cf the air London 1881) ; Cunningham (Microscopic 
exam, of air Calcutta 1874) ^ves an excellent summary of previous observa- 
tions. On bacteria and their germs in the soil, see Koch {toe cit.\ and Ceci 
{Arch, f. exp. Path, xv). 

194. Consideration of the wide-spread occurrence of the 
bacteria and their peculiar vital properties will already have raised 
the question whether these micro-organisms may not have the 
power of exciting more or less grave disturbances in the human 
system, provided they obtain an entrance into it. We have seen 
that almost all fluids contain bacteria or their germs, unless they 
are actually poisonous or are 'sterilised' by appropriate means, 
such as by boiling. Micro-organisms are also frequently found in 
solid organic matters. In view of this it woula seem that we 
cannot avoid swallowing numbers of bacteria with our food. Moreover 
we frequently eat articles which are in a state of partial putridity or 
fermentation (such as cheese and milk) : in this state they of course 
contain numerous bacteria. The alimentary tract must thus be 
reached by enormous multitudes of bacteria together with the 
products of decomposition which they set up. 

This is however by no means the only way in which we come 
into intimate relation with these organisms. The air always 
contains a greater or lesser number of them. In breathing we 
draw them into the lungs, and they settle in the bronchi or 
alveoli. 

Lastly, all parts exposed to the air come into contact with 
bacteria, tJie unwoundea skin as well as the wounded or abraded 
skin. 

What becomes of all these organisms ? The greater number 
undoubtedly pass out of the body again. It is hardly possible that 
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an^ can penetrate into the deeper tissues through the uninjured 
skm. Tnose which settle on the mucous membranes are certainly 
for the most part not absorbed, but are thrown oflf after a longer or 
shorter time. This is however not always the case. Experience 
shows that, in special circumstances, bacterial invasion of the system 
may actually start from the mucous membrane. 

What is the exception in the case of mucous membranes is the 
rule in the case of matters inhaled into the lungs. Experiment 
shows that fine corpuscular or particulate matters are very quickly 
taken up by the lymphatic capillaries of the lungs, and are so 
carried mto the lymphatic glands, or it may be into the blood. 
Wounded surfaces are in like manner quick to absorb such corpus- 
cular bodies. 

Resuming what we have said, we may put it generally that 

bacteria of various forms may reach not only the surfaces of the 

body which are directly accessible from without, but also at times 

the deeper structures, if circumstances favour their penetration. 

The question whether bacteria occur in the healthy body seems easily 
answered from such general considerations, though it is one which has been 
much disputed. Bacteria are perpetually entering the body with the 
food we eat and the air we breathe. They must therefore be at times 
found in the tissues, especially in places where access is direct. The (act 
that they are not easy to demonstrate is readily explained. It must 
be only a small number that can multiply in the tissues they have penetrated ; 
the majority must quickly perish. See Nencki, Joum. /. prakt, Chemie 
1879; Weissgerber and Perls, Arch, /. exp. PatL vi; Bosenbach, 
DeuUche ZeiUch. /. Chir, xiii ; Leube, ZeiUch,/. klin. Med. iii ; Sternberg, 
Stud. Biol. Lab. Baltimore 1881 ; Lister, Tra-M. Boy. Soc. Edin. 1875. 
Leube, Lister, Roberts, and others have been unable to find living bacteria 
in healthy urine. This would indicate that the greater part of the bacteria 
which penetrate into the body are destroyed. 

195. If the bacteria were mert corpuscular elements incapable 
of multiplication, we should have little more to say concerning their 
significance to the human organism. We should merely have to 
point out that they are in part taken into the body at certain 
points, are carried about hither or thither within it, are deposited 
here or there as innocuous substances, and sooner or later are 
destroyed or cast out again through the liver, kidney, or other 
secretmg organ. As a fact this is what really happens with regard 
to some of the bacteria. Even when they pass through the 
bronchial glands firom the lun^ into the blood, tney have no more 
significance than any other like minute foreign matters, such as 
occasionally circulate in the blood without causing disturbance. 
These are simply deposited and destroyed, or excreted. Thus the 
Micrococcus Ivteus may be introduced in considerable quantity 
beneath the skin of a rabbit, without inducing any serious affection 
either of the tissue or of the system generally. The bacteria which 
are thus innocuous may easily be indicated from previous considera- 
tions. They are such as cannot find within the human body the 
conditions favourable to their development. 
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This is unfortunately not the case with all bacteria. There are 
some which find their appropriate soil in the perfectly healthy 
organism, and in it they ctow and multiply. Others are unable to 
settle in a perfectly healthy body ; they can only develope when 
the physico-chemical constitution of the tissues is morbidly altered 
so as to correspond with their requirements. 

The forms of bacteria that have the power of gravely aflfecting 
the system, whether it be healthy or diseased, are described as 
pathogenous baoteria. 

It is manifest from the above that the determiuation of the vital properties 
and conditions of the different bacteria is a matter of the greatest importance. 
This knowledge would enable us to combat earlier the development of 
bacterial disease, and the injury it produces. It would further give us 
the necessary hints for preventing its invasion ; for we should know where 
to seek the bacteria and how to destroy them or render them harmless. 
Our knowledge in this respect is unfortunately still defective. There are 
but few species of bacteria whose life-history we know with any exactness 
of detaiL 

196. The factors which determine the invasion and the 
course of development of bacteria within the human body are two. 
On the one hand the bacteria must be endowed with certain vital 
properties of a special kind : on the other hand there must be a 
preaisposition on the part of the system. 

Our present knowledge does not yet allow us to specify 
accurately the properties which an infective bacterium must 
possess. We can only say in general — that it must find within 
the body and in proper combination all the conditions necessary 
for its growth and multiplication. Thus the temperature of the 
body must be such as favours its development; it must be 
able to abstract fit nutriment from the tissues in which it 
settles; it must nowhere encounter substances which check or 
injure it. 

Investigations into the bacterial affections have shown that very 
slight chemical changes in the constitution of a tissue are often 
enough to determine whether a given bacterium can develope 
in the tissue or not. In other words the significance of this factor 
of predisposition is greater than it may have appeared at first si^ht. 
Now and then of course the predisposition is due to very obvious 
alterations in the tissues. For instance, we find that many cases 
of bacterial invasion depend on the formation of a local necrosis or 
wound, in which the fungus can settle and develope. In other 
cases some grave disturbance of the circulation may lead to a 
failure of resistance on the part of the tissue. These instances are 
however matched by others in which the anatomical basis of the 
predisposition is beyond our power to discover. We know, for 
example, absolutely no reason why— of two individuals exposed to 
the mfection of measles, scarlatina, small-pox, typhus, or tuber- 
culosis — the one should be taken with the disease and the other 
left. The factors which decide the matter in such cases are plainly 
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such as at present escape our notice, either from their apparent 
slightness, or because they are not such as our tests can (uscover. 
Yet they doubtless consist in very real and very special differences 
in the condition of the tissues. Many of the bacteria can only 
come to development within the human body on rare occasions, as 
their usual habitat is without it. Others only meet with fit 
conditions for their existence and growth within the body, and do 
not multiply at all without it. 

The respective parts played by the inherent properties of the bacterium 
and the predisposition of the tissues to invasion have been illustrated by 
many observations both clinical and experimental If a mass of bacteria 
of .different forms be introduced into an animal's body, some of the forms 
develope and lead to certain tissue-changes, others perish inert. If a 
similar mass be injected into an animal of a different kind, the bacteria 
which develope are not the same as in the first instance. Koch {Aeticlogie 
der WuruiinfectioTuh'anlheiten Leipzig 1878, Traumatic Infective DUeoMe* 
London 1880) has shown that there is a functus which brings certain death to 
one species of mouse, while it is entirely inactive when introduced into 
another species of mouse. Mice are highly susceptible to the infection of 
anthrax ; rats enjoy an almost perfect immunity. The poison of ' rabbit- 
septicaemia' kills rabbits and mice with unfailing certainty; guinea-pigs 
and rats are unaffected by it; sparrows and pigeons again are highly 
susceptible. The spirillum of human relapsing rover wiU develope only 
in monkeys among the lower animals. Animals of the same species but 
differing in age have different degrees of susceptibility. Yoimg dogs are 
easily infected with anthrax, old ones are not (Koch). We cannot at all 
tell on what circumstances immunity of this kind can possibly rest. Similar 
examples are easily obtained (Arts. 204, 206). The majority of the infective 
disoroers are in fact limited each to a few species of animals or to a single one. 

Differences also exist in respect of the difiusion of the bacteria through 
the body. The fungus, which m one kind of animal brings about a £bi^ 
general disease, may in others produce a merely local and non-fatal dis- 
turbance. Even the point of entrance of the bacteria into the body has its 
importance. A rabbit inoculated with bacteria in the back of the neck may 
die, while inoculation of the ear is followed by a simple local affection. 

RossBACH has quite recently announced (Centralb. /. m^d, Wiss. 5, 1882) 
that injection of papayotin into the vessels is followed bv a rapid development 
of micrococci in the hlood, so that in two hours the blood in the heart is 
foimd to be swarming with them. If this observation be confirmed, it would 
seem to show that the composition of the blood is so altered by the unorganised 
vegetable ferment that germs can proceed to develope in it which before 
were unable to do so. In other words, that the action of a chemical 
substance has called forth a special predisposition. 

RosENBERGER {Centrolb. / Tnea. Wiss, 4 and 41, 1882) observed a like 
result after the injection of sterilised septic blood. The animals died 
of septicaemia, bacteria being developed. If the injected liquid were really 
sterilised, we can only interpret the observation as showing that the 
septic matter so altered the olood and liquids of the animals as to make 
them predisposed for the development of micro-organisms. The experiments 
do not however seem quite free from objection. In 1869 Semner com- 
municated similar results, which he obtained with the use of sepsin prepared 
from yeast ( Viertelj, /. wiss, Veterin, xxxii). 

BosER maintains that the most essential condition for the settlement 
of bacteria in the body is their adaptation to the quantum of mineral 
salts present in the blood and tissues. This can hardly be a sufficient 
condition. 
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197. The healthy organism is always beset with a multitude 
of non-pathogenous bacteria. The^ occupy the natural cavities 
accessible from without, and especially tiie alimentary canal. 
They feed on the substances lying m their neighbourhood, whether 
brought into the body or secreted by the tissues. In so doing 
they set up chemical changes in these substances. 

While the organs are acting normally, these fungi work no 
mischief to the tissues in wHch they lie, or to the system 
generally. The products of decomposition set up by such non- 
specific micro-organisms are either harmless, or are conveyed out 
of the body before they begin to be active. 

Settlements of this kind may however become of importance, 
if the bacteria proceed to develope to any unusual extent. This 
happens when the contents of the natural cavities in question 
remain unchanged for any great length of time, or when (as in 
catarrh) the normal secretion undergoes some alteration. The 
products of bacterial fermentation may then accumulate to an 
excessive amount, and products may also be formed which do not 
normally occur. Thus when the contents of the stomach are not 
passed on, and become as it were stagnant, an abnormally acid 
fermentation may be set up. If the chyme is retained over-long 
in the small intestine, the aromatic products of albuminoid 

Eutrefaction will gather in excessive quantity. So too we may 
ave decomposition in the stagnating secretions of the bronchi, 
prepuce, &c. All these changes react harmfully on the tissues 
and may set up inflammation, not unfrequently ending in 
suppuration and necrosis. Moreover the system in general may 
suner by absorption into the blood of the soluble products of 
decomposition. 

The latter continffency is not to be lightly regarded. Though 
we may partake with impunity of many fermenting or decaying 
substances as food, we must not think that all the products 
generated by the non-pathogenous fungi are equally harmless. 
Highly poisonous substances are formed m many of the bacterial 
decompositions. One of the most speedily fatal of diseases, 
septicaemia, is due to poisoning of the system with the products of 
bacterial putrefaction, or sepsis. Cadaveric poison, the poison of 
decaying fish, sausage, cheese, mussels, &c. are very probably the 
chemicsQ products of special forms of putrefaction. We unfortu- 
nately know but little, in some cases we know nothing, of the 
substances which have this poisonous character. Bergmann and 
ScHMiEDEBERG have, it is true, prepared their so-called 'sepsin' 
and Panum his ' putrid poison,' from decaying substances ; but we 
do not know the composition of these bodies, and they are 
certainly not the only poisons of the kind. 

Putrid or septic poison may be absorbed by wounds as well as 
by mucous surfaces. Septicaemia, which has just been cited as an 
instance of septic poisoning, is generally due to wound-infection. 
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It is due to the absorption of products of bacterial decomposition 
formed in a wound contaminated by bacteria (Art. 204). This is 
especially apt to happen when necrosed tissue exists in the 
wound, for this affords the bacteria a suitable soil for their 
development. 

The poisonous action of putrid matters is fully discussed by Hiller 
in Die liehre von der FUvlmss Berlin 1879. He gives full references to 
the literature of the subject. Hiller lays special stress on the fact that 
in the septic process it is not simply the bacteria themselves that do mischief 
it is the products of their action which act so as profoundly to alter or even 
to destroy outright the tissues exposed to them. If the infection become 
generalised, it is almost always due to intoxication of the system with 
unorganised chemical substances. 

Panum's paper just alluded to is in Virch, Arch. voL 60 ; Beromann'b is 
a work callea Das putride Oift und die ptUride Intoxication Dorpat 1866. 
Wolff {Virch, Arch, voL 81) has lately taken up the question. On the 
absorption of putrid matters by the alimentary canal see Salkowski Centralb, 
/. med. Wise, 46, 1876, and Berickte d, chem, Oeeells, x, 1877 ; Nencki and 
Brieger, ibidem ; Brieqer, ZeiUch, f. phys. Chem, ii, Zeitsch, f. klin, Med, in ; 
Bollinger, Ueher Fleiechverf^ftung^ inteetinale Sepsis, und Aodominal4tfphusj 
Zur Aetiol. d. Infection, Mumch 1881. 

It is possible that harmless colonies of bacteria may become dangerous if 
they are removed from their normal seat to other regions. Thus the saliva^ 
when it contains bacteria, may excite violent inflammation if it reaches the 
bronchi or alveoli of the lungs. 

198. Pathogenoiu bacteria have the power of settling, not 
merely in the ingesta and secretions or in de^ tissue, but also in 
living tissue. This happens chiefly in the mucous membranes and 
in the lungs. The uninjured skin is protected against invasion 
by the homy epidermis. 

Many of the bacteria can settle in perfectly healthy mucous 
membranes. In the case of others we must imagine that they do 
not find a proper soil for their development, unless the mucous 
membrane is injured or altered. Of course injury or alteration of 
this kind may serve to make the outer skin, or any other accessible 
tissue, the starting-point of a bacterial invasion (wound-infection). 
All that is necessary is that a bacterium should reach a spot that 
affords the conditions for its development. If this occur, it 
multiplies and forms colonies or swarms. These may, according to 
the species of the fungus and the nature of its soil, remain in 
aggregation forming heaps or masses, or may spread through the 
tissues. Such a settlement is never without effect on the anected 
tissues. The bacteria may force their way into the substance of 
the constituent elements, and especiallv into the tissue-cells, which 
are sometimes found to be crammed with bacteria. 

The effect of the invasion is not always at once apparent, even 
under the microscope. The cells attacked by the fiingi often 
appear quite uninjured: in other instances they are seen to be 
altered. The epithelial cells swell up (Fig. 76 c) and liquefy, or 
degenerate into flaky homogeneous lumps, or turbid denucleated 
masses. Often they break down into granular detritus. The 
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nucleus is brokea up, or swells and disappears (Fig. 76 c). The 
fibrous elements of the connective tissue degenerate like the 
epithelial cells. The ground-subetance altera at the same time. 
It becomes turbid, loses its structure, and ultimately dissolves. 




.torf small-celled infiltration 
□f UiB degensiBted epithelium and 
of the fibrous stmctnres 



In general terms we may say — that local settlements of 
bacteria will sooner or later bring about degeneration and necrosis 
of the affected tissue. When this may occur, and how widely it 
may spread, are circumstances depending on the nature of the 
bacteria and of the tissue. 

The processes we have considered are not without their 
influence on the circulation. The direct action of the bacteria, 
and the influence of the chemical changes they set up, tell at 
length on the vessel-walls within the affected region. The result 
is to disturb the circulation in various ways, chiefly in the way of 
in£ammatory exudation and haemorrhage. In some instances the 
circulation is stopped altogether, and the preservation of the 
affected tissue is then impossible. 

The inflammatory process set up by bacterial action (Fig. 76 e) 
may be of very different intensity and extent in different cases. It 
may be slight and transient, or it may be severe and issue in 
suppuration and necrosis. Not un&equently a more or less perfect 
granulation-tissue is formed as a result of the inflammation, as in 
tuberculosis. The extravasated cells often take up the bacteria 
into their substance. 
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199. The indammation excited by the presence of bacteiu 
often results in a great aggregation of living cells in the tiasue 
affected. These may so act as to repel the continued advance of 
the fiinp, which straightway perish, and the affection issues in 
healing and cicatrisation. The fixed tissue-cells of the region 
may likewise act so as to check the development of the bacteria, 
and may further suffice to make up any loss of tissue by their 
regenerative activity. If this does not happen the iMCterial 
invasion continues to advance. 

The bacteria spread first into the Burrounding tissues, passing 
along the natural lines of division. Then they break into the 
lymphatics, and often into the blood-vessels also. If they can 
live in lymph or blood they go on multiplying; if not they perish. 
Many bacteria, like the micrococcus of erysipelas, flourish best in 
the lymphatics. Others, like the anthrax-bacillus, are more at 
home in the blood. 

The extent to which the bacteria can spread within the 
lymphatic system is subject to no general rule. Many of them 
make a halt at the first gland they come to. Others pass beyond, 
and finally reach the blood-Tessels by way of the thoracic duct. 
Their path is generally marked by degenerative and necrotic 
changes, and by the mflammatory reaction they excite. The 
degree and amount of these changes are determined partly by 
the nature of the bacteria, partly by their number. 

They reach the blood either through the lymphatics or directly. 
In the latter case the walls of the vems in the mvaded region are 
penetrated by the fungi, or they pass into the veins from the 
capillaries. Once in the current they are carried on by it to 
remote parts. Many of them perish in the blood, others again 
increase and multiply. Of the last some {anthrax-lacillus) thrive 
best in blood that is Bowing; others (tubercle-bacillus, pyaemic 
micrococcns) prefer blood that is at rest, that is to say, they only 
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grow when they have come to a standstill in some venule or 
capillary. It depends on the properties of the fungua, which of 
these events takes place; just as do the changes it calls f(urtlk 
in the course of its multiplication. 
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The tissue-changes are the slightest in the case of bacteria 
which circulate and multiply in the blood (Fie. 78). Bacteria 
which settle in the smaller vessels give rise on the other band to 
degenerations, necroses (Fig. 77 ana Fig. 79 e), inflammations (Fig. 
79 d e), and haemorrhages. 

The spot where a lodgement takes place is mostly matter of 
chance ; but it is to be noted that a bacterium may not be able to 
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settle in every spot indifferently. One part of the vascular system 
mav be more favourable to it than another. Many bacteria remain 
ana multiply within the vessels. Others escape from them, and 
when the surrounding tissue is suitable they may multiply in it, 
and set up changes resembling those produced at the point of first 
invasion (as in tuberculosis). 

References:— Frisch, Exp. Studien iiber d. VerhreUung der FdvlnissorganU- 
men in d, Oeweben Erlangen 1874; Koch, TraunuUic Infective Disecues 
(Syd. Soc.) London 1880 ; Perls, Lehrb, d. aUg, Path, ii. 

We should mention with regard to the spread of bacterial infection 
within the system, that the mode of invasion and the number of the 
fimgi present are points of importance. If mice or guinea-pigs be inoculated 
beneath the skin with a tew oedema-bacilli, the resulting affection is 
merely local If the bacilli be numerous the animals die of a general 
disorder. The bacilli of anthrax and those of 'rabbit-septicaemia' may 
be injected in small quantity into the ear of a rabbit without causing 
its death. In the quantity ordinarily used in inoculative experiments 
they are always fataL 

200. The facts just given (Arts. 198, 199) regarding the 
spread of bacterial infection within the system are derived from 
observations on pyaemia, erysipelas, anthrax, and tuberculosis. The 
greater number of the diseases now referred by many to the action of 
bacteria (such as typhoid, relapsing fever, diphtheria, the exanthe- 
mata, croupous pneumonia, acute atrophy of the liver, cholera, etc.) 
are as yet too little known to enable us to give the corresponding 
details for them. We do not exactly know how the poison finds 
entrance, where it is multiplied, and in what manner it spreads. 
We only know that in these affections we find at certain times in 
the blood or tissues definite bacterial forms ; and we believe that 
they are the exciting cause of the disease. If this belief be 
correct, we must admit that many kinds of bacteria have the 
power to penetrate into the blood and other juices without leaving 
any traces at the point of entrance. This supposition is confirmed 
by the fact that in anthrax we are often unable to detect the point 
of entrance of the bacilli. In the case of these diseases we must 
likewise assume, as in the case of the others, that the bacteria find 
access through the mucous membranes or lungs, or through open 
wounds if any exist. Once the bacteria have entered the body 
they multiply in the blood or in some tissue, spread through the 
system, and call forth the special changes characterising the several 
diseases. It is worthy of remark that each poison has a corre- 
sponding special group of tissues, in which its mischievous effects 
are invariably and especially apparent. The anatomical changes 
produced in these diseases as in the others are of the nature 
partly of degeneration and necrosis, partly of inflammation or 
naemorrhage. Proliferous changes in the tissues may also ensue 
as seconda^ to the former. 

201. We are not yet in a position to formulate a theory of 
bacterial action that will apply to all cases. The researches of 
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the last year or two have however enabled us to form some picture 
at least of the way in which bacteria affect the several tissues and 
the system in general. 

The pathogenous bacteria are parasites which draw their 
nourishment from man's body. They withdraw this nourishment 
only from the tissues among which they are growing and multi- 

?lymg. The effect of this withdrawal is in general not very grave, 
t can only become dangerous to life, when the bacteria multiply 
within the circulating blood and withdraw from it the indispen- 
sable oxygen it contains. The withdrawal of nutriment is not 
however the only result; it is seldom even the most important. 
Investigations show that the vital activity of the bacteria of 
necessity sets up extensive chemical change m their own nutrient 
materials. These changes are partly due to their direct action 
(Art. 191), partly to the action of the unorganised ferments which 
they form. Lastly, in the course of these changes matters are 
produced which act as poisons upon the system. This effect of the 
bacteria on their nutrient fluids, and the production of poisonous 
matters, have much more to do with the genesis of the symptoms 
in most of the microparasitic affections, than has the mere with- 
drawal of nutriment. 

The influence of such factors is manifested in disturbances of 
the functional, formative, and nutritive activities of the organism. 
These activities are the expression of the cell-life of the tissues ; 
hence the statement that bacteria disturb the vital actions of the 
tissue-cells. In Art. 81 we compared the life-history of the tissue- 
cells with that of the bacteria. We may not inopportunely refer to 
the comparison once more in this place. The nutritive activity of 
the tissue-cells is not confined to the replacement of used material 
by the absorption and assimilation of new material. Like the 
bacteria the tissue-cells act catal3rtically on their surroundings, 
partly by fermentive action (Art. 191), partly by the formation 
of unorganised ferments. Many cellq have in addition the power 
of setting up synthetic processes. 

When bacteria proceed to multiply within a tissue, a double 
influence is brought to bear on the common nutrient medium ; the 
bacteria enter into conflict with the tissue-cells. We do not of 
course know in what exact way this conflict is carried on. But we 
may believe that the bacteria do not communicate to the organic 
compounds contained in the juices the same kinds of chemical 
motion as the tissue-cells. They will not therefore give rise to the 
same chemical changes as the latter. More or less serious disturb- 
ance of the normal metabolism of the tissues must ensue. 

This is the first effect, but not the only one. Different kinds 
of fermentation cannot go on in presence of each other for any 
length of time. One is more and more repressed, and at lengtn 
suppressed, as the other advances. This cannot of course happen 
without simultaneous injury to the corresponding ferment. Thus 
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the prolonged presence of bacteria results in the suppression not 
alone of the nutritive activity, but also of the other functions of 
the tissue-cells; and at length their life itself is enfeebled or 
extinguished. 

The products of the decomposition set up by the bacteria, the 
unorganised ferments and other poisons, also give rise to changes 
in the tissue-cells. It is possible that in many cases they onl^ 
tend to modify the nutritive activity, i.e. the metabolism of the 
cells ; but the other functions are doubtless often affected likewise. 
These modifications of the normal cell-life in their totality are 
manifested as disturbances of the functions of the organism, and 
we speak of them as symptoms of disease. 

The mode in which the several symptoms are produced we 
cannot here stop to discuss. All we need say is that a disturbance 
of cellular activity is always at the bottom of a morbid symptom : 
mere alteration in an organic fluid is not enough to give rise to 
symptoms. Thus the origin of fever cannot be explained otherwise 
than by assuming the existence of some cellular disturbance. The 
chief factor in producing the elevation of temperature may be a 
change in the fermentive action of the cells, or it may be a dis- 
turbance of the functions of the central nervous system. That is 
a question which is open to discussion ; but it does not touch the 
question of the cellular nature of the febrile process. 

Inflammation itself is only to be explained by cellular change. 
In bacterial affections, inflammation appears as a specially benefi- 
cent process. By it a number of living cells are thrown out at the 
seat of danger, and they are the readiest injstruments for checking 
the harmful influence of the fungi. 

The issue of a bacterial affection is either the death of the 
patient, or the death and elimination of the bacteria. In the 
former case the bacteria interfere with the Amotions of cells so 
numerous or so essential to life, that life becomes impossible. 
In the latter case the tissue-cells gain the upper hand in the 
struggle for nourishment and existence, and the bacteria are at 
length deprived of the conditions essential to their continued life. 

Observations on the infective diseases of man and on experi- 
mentally-produced bacterial diseases in animals have shown that a 
disease of the kind successfully withstood leaves the tissues in a 
peculiarly unsusceptible condition. This condition may endure for 
months or years, and it ensures an immunity almost or quite 
complete against a fresh invasion of the same or kindred bacteria^ 
We do not know whether this singular effect is due to a modifica- 
tion in the chemical constitution of the tissues, or to a change in 
the vital activity of the cells. 

Beferences ; — Voir, Phj/dologie des StofwechseU Leipzig 1881 ; Naoeli, 
Die niederen PUze Munich 1877, and 1882; Buchker, Die Ndgel^M^ 
Theorie der Infi^ionekramkheiten Leipzig 1878 ; Elebs, Article Anateckends 
KrcmkheUen^ nealenciflopUdie der geeamnUen HeUkunde von Erdenburgy 
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and CeQular-PcUhologie wnrf' In/ectunuikraiilheiten, Tagiblati xkr NcUuf^ 
foricherversammlung in Kassd 1878 ; Virchow, Kranlrkeitstoesen uiid Krank- 
heiUurtcuhen^ VirSu Arch, vol. 79 ; Hiller, DU Leiure von der Fdulnim 
Berlin 1879 ; Wernich, Die Entwickdung der organisirten Krankheitsgifte 
Berlin 1880; Koch, UrUersuchungen iiber WundinfictumsJrrankheiten Leipzig 
1878, TraumcUic Infective Dieeases London 1880 ; Wolff, Zvr Bacterienkhre 
bei aecidentellen WundkranJkheitenj Virch, Arch, vol. 81 ; Toussaint, Comptes 
Rendus noa. 2 and 5, voL 91 ; Chauveau, ibidem^ no. 16 ; Duclaux, FermenU 
et Maladies Paris 1882 ; Brieqer, Einige Beztekungen der FUulnissproducte 
zu KranJtheiien, ZeiUch, f, klin. Med, iii; Buchner, Ueber d, Wirhing 
d, SpaltpiUe im lebend. Aifrper, Zur Aetiol. d. Infectionskr, Munich 1881 ; 
Oheyne, Antieeptic Surgery London 1882 ; Diacussion, Trans, International 
Med, Congr, voL i, 1881. 

Of late years many experimenters have sought to furnish an experimental 
basis for the doctrine that individuals who have passed through an infective 
disorder are 'protected' against the same or a kindred disoraer (as in the 
case of vaccinia and variola). They have attempted to make out that this 
holds for bacterial disease artificially communicated to animals. 

Pabteur was the first to make communications on this head {Gas, mAL de 
Paris no. 18, 1880). Toussaint refers the so-called fowl-cholera to the action 
of a certain microcoocus. Fowls die when inoculated with the bacteria culti- 
vated in chicken-broth. If the poison be attenuated by letting it stay in the 
cultiu^-liquid exposed to the air for eight or ten months, it is no longer fatal 
on inoculation : but the fowls become by one or more inoculations * protected ' 
Ji^gainst the imattenuated poison. Pasteur further discovered that the ac- 
Idvity of the anthrax-bacillus may be diminished by cultivation at a tempera- 
pire of 42^ to 43^0. Animus inoculated with the cultivated bacillus do 
not die, but are as it were 'vaccinated' against the unmitigated poison. 
After repeated inoculations. sheep become at last quite imaffected by inocula- 
lion witn the unaltered bacillus. 

' BouLET communicated to the Paris Academy a research of Toussaint's^ 
^n which he found that the anthrax poison can be mitigated by warming 
infected blood to 55^0 for ten minutes with the addition of 1 per cent, 
of carbolic acid. Young dogs, sheep, horses^ and rabbits may be protected 
by inoculation with this blood. Colin (Pans Academy, March 1, 1881) has 
disputed the force of these experiments, as it is known that some individual 
animals are specially 'refractory' wit^ respect to the authrax-poison, without 
any protective inoculation, Tlie Royal .Hv^lgarian Ministry of Agriculture 
instituted at Buda-Pesth an extensive series of experimen£s superintended by 
one of Pasteur's assistants, and the results obtained confirmed on the whole 
what Pasteur had announced (R<Sszaheoti, Bioloa. Cenlralb, 5, 1882 and 
Practitioner Feb. and Mar. 1882). Similar successful experiments were made 
in Berlin in April 1882 (Oaz. m^. July 1882). Oehler (ArcL f, wise, und 
pract, Thierheuk, 1876 — 81) made similar inoculation-experiments without' 
reaching any positive results. CuaUveau likewise ex^nmented on sheep, 
but was not aole to draw any certain inferences : he thinks however thatF Im 
imperfect protection may be obtained by repeated inoculation. LofflbiC 
(MittL a. d, k. OesundheitsanUe Berlin 1881) experimented on mice,, rats, 
guinea-pigs, and rabbits, but was not able to verify Pasteur's and Tous- 
saint'b statements. He did not succeed either in attenuating the poison or 
in efifectively 'vaccinating' the animals. He therefore disputes lAie force of 
their experiments, thinking that they must have lighted on sheep already 
inmiune against the poison. The experiments on fowl-cholera ne thinks 
trustworthy. It was he who sho^rod that when a mouse has lived through 
one attack of specific septicaemia it is protected against a further Attack. 

This s^iecific septicaemia of the mouse is caused by a delicate bacillus, 
which can he ' purely ' cultivated in nutritive gelatine, weakly alkalised with 
sodium phosphate and impregnated with 1 per cent, of peptone. The bacillus 
will infallibly kill a rabbit/injected with it in ^m forty^tQ soventy-twQ bom^- 

M. 19 
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If it be iniroduced into the tip c^ the ear it merely produces a pUntic inflam- 
mation of the skin, and the animal does not die. Rabbits so inoculated are 
then protected for three or four weeks against any further inoculation with the 
same oacillua 



There are therefore some bacterial diseases in which one attack protects 
against a subsequent one, as in the case of small-pox, measles, and scarlatina. 
But this does not hold true of all bacterial diseases. Koch and Carter found 
that a monkey inoculated with the spirilla of relapsing fever gained no immu- 
nitv against a second inoculation. Semmbr (Ceniraw. /. med. Wis», 48, 1880 
and VireL Arch, toL 83) asserts that rabbits may be protected against septi- 
caemia by vaccination with bacteria heated to 55® C for fifteen minutes: 
LdFTLBR repeated the experiments and obtained opposite results. Experi- 
ments with the HaciUui oedemcUis (Art. 206) were likewise negative. 

Bergmann has recently {Ckirur^eruxmgren 1882) made out that in aH 
infective disease, and in all intoxication with imoiig^anised ferments, the 
white blood-cells become dissolved in the blood. This produces greater 
viscidity and coagulability of the plasma. He refers to this cause the local 
congestions in the capilkuies of the lungs and intestine, and the ecchymoses 
of the serous membranes observed in the afiections named. 

202. The inflBctlTe dlsesMfl form a group distinguished by 
their markedly specific character and their special mode of origin. 
The specific character is manifested in this — that the disease runs 
a similar course in each individual attacked, conditioned solely by 
the nature of the morbific virus. As to the genesis of the disease, 
it is alwajrs referable to the passage into the organism of a poison 
bom without. 

The infective diseases have been divided into miasmatic, 
contagious, and miasmo-contagious. In tniamiatic disease the 
morbffic virus is confined to certain localities, and developes 
outside the human body. When it passes into the body it sets 
up an affection which is not transmissible to other individuals. 
The malarious or intermittent fevers are classed as miasmatic. 

In contagloiu disease the seat of the virus is in the affected 
organism. From this it is transmissible to others, either through 
the air directly, or by means of bodies acting as carriers (fomites), 
or by actual contact. Instances of contagious disease are 
scarlatina, smalUpox, measles, yaccinia, typhus, diphtheria, glanders, 
syphilis, &c. 

In miasmo-contagioiu disease the actual yirus is derived 
from without, but the germs from which the virus developes must 
be furnished by a previous case of the disease. Of this kind 
are cholera, dysentery, yellow fever, and typhoid. In the case 
of the last it is probable, or at least possible, that the yirus may 
be also derived from previously uninfected localities ; in other 
words, that it may originate as a pure miasm. 

203. Some of these diseases, especially the epidemic pesti- 
lences or plagues, haye from ancient times been suspected to bo 
due to organised poisons. The suspicion has now ana again been 
re-expressed ; but it is only within the last twenty years that, in a 
few instances at least, the fact has been demonstrated. 
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The fltrongest point of evidence in favour of the organic nature 
of the poisons that produce the infective diseases is their power* of 
unlimited reproduction and multiplication. Thus, startmg with 
the lymph from a single vaccine vesicle, we can vaccinate on 
indefinitely, continually generating new vaccine matter. Infection 
transmitted through the medium of the air (which certainly takes 
place), is scarcely to be explained if it be not that the air has had 
corpuscular particles suspended in it. Chemically active gases 
would very quickly become diffused through the atmosphere, and 
at short mstances would become attenuated beyond the power of 
doing mischief. 

The small quantity of infective matter required to set up the 
corresponding disease is another point in the evidence. The 
extraordinary potency of the matter can only be explained by 
the theoiy that the virus is reproduced and multiplied within 
the organism. 

The researches of. the last ten years have shown (as we have 
said in Arts. 198 — 201) that there are bacterial fungi which are 
able, by virtue of their specific properties, to affect the animal 
body and generate disease m it. On the other hand, we find such 
fungi in the blood and tissues of persons affected with infective 
disease. We must admit beforehand that the available observa- 
tions on this head have not the extent or exactness which we 
could desire. Only in the case of a few diseases is the bacterial 
nature of the virus demonstrated by indefeasible histological and 
experimental investigation. In others the presence of bacteria 
has been demonstrated in single cases, but their causal relation 
to the disease has not been proved. In many others, neither the 
one point nor the other has hitherto been made out. As the 
question at present stands then, we can only say — that among the 
infective diseases there are certainly some which are due to the 
invasion of a microphyte, and that it is highly probable the others 
have a like origin. 

If the microparasitic theory be correct, we must admit that 
some of the pathogenous bacteria are accustomed to develope and 
multiply without the body, while others only do so within it. 
The former kind we may describe as ectogenoiu, the latter as 
endogenoui. The distinction must not however be over much 
insisted on. Sometimes the ecbogenous bacteria proceed to 
multiply within the body, while the endogenous bacteria may 
meet with the necessary conditions for their growth (warmtn 
and nutriment) outside it. 

The fact that bacteria have not heen found in most of the infective 
diseases, at least in number suflEicient to account at all for the phenomena, is 
no proof that the aflfections are non-bacterial. It must not be forgotten that 
the demonstration of bacteria is often a very difficult matter, and the material 
obtained from the post-mortem table is oy no means well-fitted for this 
purpose. The patients examined generally live on to a comparatively ad- 

19—2 
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vanced stage of the disease. We know indeed in the case of many bacterial 
affections that, by the time the tissue-changes occasioned by the invasion are 
complete, all trace of bacteria has long disappeared. 

^04. The micrococci are among the most important of the 
pathogenous bacteria. They are the fungi most frequently found 
m connexion with infective disease. In the first place they occur 
in various wound-affections, such as pyaemia, and erysipelas simple 
or phlegmonous ; and that not merely in the wound itself, but in it£{ 
iieighbourhood and even in distant organs. In this last case they 
are diffused through the lymphatics and blood-vessels. They also 
occur in internal suppurations like metritis, puerperal peritonitis) 
infective osteomyelitis and periostitis, and in strumous inflamma- 
tions, meningitis, cerebral abscess, &c. 

Among infective diseases of another kind we have to mention 
diphtheria, small-pox, measles, vaccinia, scarlatina, endocarditis, 
pyelitis, haemophilia neonatorum, acute atrophy of the liver, 
croupous pneumonia, gonorrhoea, &c. In all of these micrococci 
have been seen scattered through the tissues, partly as masses of 
zoogloea, partly as chains or chaplets. It would seem as if in 
some diseases zoogloea, in others chaplets or swarms, were chiefly 
formed. The spherules are of various sizes : but this character of 
size is not enough to enable us to distinguish between specific 
forms. We have as yet but few results of culture-experiments on 
these bodies, so that their life-bistoiy is little known. The micro- 
cocci are therefore distinguished merely by the disease to which 
they are related, and so we speak of Micrococcus septtcuSt erysipelatis, 
variolae, diphtheriticus, &c. 

The part played by these micrococci (which are not found in 
every case) is by no means certainly determined. Of some we can 
only sav that they are frequently or always found in connexion 
with the corresponding disease (small-pox, scarlatina, measles, 
haemophilia neonatorum). Of others (as in wound-infections) we 
know, by experimental investigations, that they are only able to 
attack the tissues when they find in the system poisonous products 
of tissue-necrosis, or of fermentive decomposition set up by bacteria 
like themselves. Of many (such as those found in simple and 
phlegmonous erysipelas) we have every ground for believing that 
they can develope in the system without any special auxiliary 
conditions (other than slight traumatic injury). 

We shall here consider briefly the evidence for the bacterial nature of some 
of the infective diseases. 

(1) PunderU ir^mmations; cellulitis; purulent catarrh. 

There can be no doubt that micrococci are the exciting causes in many 
inflammatory processes associated with the formation of pus. This is true 
not only of purulent aflfections of the skin and mucous membranes, but also of 
suppurations in the deeper structures of the body. Many of these affections 
start ia wounds, but in others it is impossible to make out any surface-injury, 
ftnd we are constrained to admit that the micrococci have penetrated into the 
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deeper tissues without entering through a wound. Purulent catarrh of the 
mucous membranes, when due to fimgi at all, is generally excited by micros 
cocci from without; but these may sometimes come from deeper organs 
already affected, as when the urinary tract is infected from the kidney. This 
also holds for phlegmonous or parenchymatous inflammations of the subcutar- 
neous and submucous structuros (cellulitis), associated with purulent^ serous^ 
or fibrinous exudationa In the case of deep-seated organs, the micrococci 
must be conveyed by the lymphatics or blood-vessels. If by the blood-vessels 
the affection should perhaps be described as pyaemic. 

When the micrococci he in the blood-vessels, they generally form colonies. 
In liquid exudations within the body-cavities they are found single or in 
chains ; in solid structures they form swarms. In all places they occur both 
free and enclosed in cells. 

It b a question whether in all the affections just cited the micrococcus 
met with is of the same species. Comparative examinations show that in the 
different cases the spherules vary in size. Zieoler found that the largest of 
all occurred in a case of spontaneous cellulitis of the face and neck, in which 
suppurating and haemorrnagic patches were found in the lungs. 

Keferences: — Klebs, Hando. d. path, Anat. i (pyelitis), Beitrdge zur path, 
Anat. d. Sckusswunden Leipzig 1872, and Arbeiten a. d. path, Inst, Berne 1872 
(pyaemia); von Rbckunghausen, VerL d, WUrzburger physic. Oeaell, 1871 
(pyaemic foci) ; Rindfleisch, Lehrb, d. vath. Oewfhetehrej 1st £d. pyaemia) ; 
BiRCH-HiBSCHFEjLD, UfUers. iib, PyUmie Leipzig 1873 ; Koch. Wundinfectiofis- 
krankheiten Leipzig 1878, TrauTnatic Inf. Diseases (Sydenham Soc.) 1880; 
WoLFP, Virch. Arch. voL 81 ; L0CKE, Deutsche ZeitscLf, Chir, iv; Bbatdwood 
and Vacher, Brit. Med. Joum, 1, 1882, with a very fiiU summary of the 
contributions to this subject ; Kocher, Arch./. HiA, Chir. xxni (osteomyelitis, 
infective periostitis, strumous inflammation) ; Greenfield &c.. Trans, Path, 
tSoc, 1879; Haab, Corresp. f. sdiweiz. Aerzte 1881 (blennorrhoea gonorrhoica 
neonatorum, gonorrhoea); Neisser, Centralb. f, mid, Wiss, 28, 1879 (eonor^ 
rhoea) ; Cheyne, Brit. Med. Joum. 1880 (gonorrhoea) ; Perls, Lehrb, a, aUg. 
Path. II ; Ogston, Brit. Med. Jourtu 1, 1881 ; and imder Art 199. 

(2) Erysipelas, 

ZiegleR has satisfied himself by his own researches that erysipelas is due 
to a micrococcus. It spreads chiefly by way of the lymphatics, which are 
sometimes seen to be crammed full of aggregated masses of spherules. Thence 
it penetrates into the tissues and forms chains or swarms. It excites inflam- 
mation and leads to tissue-necrosis. It can be transmitted to the rabbit, and 
spreads in it also by way of the lymphatics. The animal usually dies. 

References: — Nepveu, Oaz. vnJd. de Paris 1872; Lukkomsky, Virch. 
Arch. vol. 60; Orth, Arch, f, exp. Path, i; Klebs, Arch, f, exp. Path, iv; 
TlLLMANNS, Arch. f. kUn, Chir, xxiii ; Fehleisen, Deutsche Zeitsch, /. Chir, 
XVI ; Koch, Traum, Inf. Diseases 1880. 

(3) Septicaemui, 

This is a term which includes various rapid and £fital affections of the 
blood. Septicaemia in the human subject implies blood-poisoning with vari- 
ous chemical products of septic decomposition. It is a septic intoxication, 
but actual bacteria are not found in the blood. It is not progressive, ana 
not infective in the strict sense of the word (Burdon Sanderson, Brit. Med. 
Joum. 1, 1877). But the term is also applied by some to certain specific and 
infective affections of animals, in which bacteria grow and multiply in the 
blood itself. 

Davaine's septicaemia is an infective disease of rabbits, produced by sub- 
cutaneous injection of septic matters (such as putrefying blood). It is 
characterised by a definite incubation-period, and a rapid course ; it is trans- 
missible to other animals of the same species. The blood is found to contain 
humerbus oval bacteria. 

Pasteur's septicaemia has been called by Koch malignant oedema {Acad. 
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de mSd. Feb. 1 and 8, 1881). It is produced in rabbits by inserUng garden- 
mould under the skin of the abdomen. Death ensues in twenty-four to forty- 
eight hours. The blcxKi itcelf seems to contain no organisms ; but subcutaneous 
oedema results, and in the oedematous tissues a delicate motile bacillus is 
found. Gaffkt has caltivated the bacillus on slices of potato. 

Mouse-septicaemia (Koch) is a blood-affection generated in mice by in- 
oculation with a certain delicate bacillus. The injection of human saliva 
produces in rabbits a form of septicaemia not, as it seems, identical with that 
of Davainb (Ratnaod, Pasteur). Qaffrt produced still another form of 
septicaemia in rabbits by injecting river-water (from the river Panke). The 
bacteria which developed and multiplied in the blood resembled B, termo 
(Art 205). 

References: — ^Davaine, Acad, de nM, Sep. 17, 1872; Coze and Feltz, 
Jtech, exp. $ur la pr^enoe des mfu9oire$ dans le$ maladies infect. Strasburg 
1866; SfiMMBR, VircL Arch, vol. 83; KocH, Wundinfedionskr, Leipadg 187^ 
Traum, Ir^, Dis. (Svdenham Soc. 1880) ; Qaffkt, Mtith, a, d. t, OesundAeits- 
amte Berlin 1881 ; Raynaud, Acad, de fkdd, Feb. 8, 1881 ; Ewart, Proc Rojf. 
Soc. xxzii ; TizzoNi, Arch, per le scienze 1880 — 81 ; Sternberg, Rep, of Nat, 
Board of Health {U, 8,) 1881 ; Braidwood and Vacher, Brit. Med. Jovm. 1, 
1882 (a full list of contributions to the subject of pyaemia and septicaemia is 
given). 

(4) Diphtheria. 

This is a specific infective disease. The anatomical changes are usually 
first discerned in the pharynx and in the neighbouring mucous membranes. 
They take the form of catarrhal, croupous, and diphtheritic inflammations 
(Arts. 423 — 426). They are probably caused by a micrococcus which settles 
in the tissues of the parts named (rarely elsewhere— as in the eye, or in 
wounds), and thence spreads through the system. This view is chiefly sup- 
ported by the fact — ^that in and upon the aflected mucous membranes we find 
micrococci scattered or aggregatea as zoogloea, which do not occur under nor- 
mal conditions. Occasionally it is possible to demonstrate the presence of 
micrococci in the swollen cervical glands or even in deeper organs. If these 
micrococci be experimentally introduced into animals, the^ produce a disease 
resembling diphtheria. The micrococci multiply mainly witnin the body, but 
they may also find a suitable soil for growth outside it. 

The theory of the genesis of diphtheria is still defective in spite of the 
many investigations that have been made. Even what we have stated above 
regarding it is by no means beyond question. 

References: — HOter and Tommasi, CeivtraXb. f. med. Wiss. 12 and 34, 
1868; Oertel, Arch, f. klin. Med, viii, Ziemssens Cyclopaedia^ vol. ir. Die 
Aetiol. d, Diphtherie^ Zwr Aetiol, d, Infecticmskr, Munich 1881 ; Trendbi^n- 
BURQ, Arch, f, Hin, Chir. x ; Klebs, Arch, f. exp. Path, iv, Art. Diphtheritis^ 
RecUenejdop. d. ges, ffeHk,; Letzerich, Virch. Arch. vol. 68; Kassiloff, 
Virch. Arch. vol. 50; Eberth, Zur Kenntniss d. bacter. Mycosen 1872; Wood 
and FoRMAD, Rep. of Nat, Board of Health {U. S.) 1881-— 2. 

Brieobr {Zeitsch. f. Hin. Med. ill) has lately pointed out the fiact that in 
pyaemia, erysij^elas, diphtheria, and scarlatina, certain processes take place in 
the tissues nearly allied to those in bacterial putrefaction. He therefore calls 
the diseases in question putreftictive diseases. 

(5) Scarlatina and meades. 

We have no certain knowledge as to the causation of scarlatina. Coze 
and Feltz {Malad. irrfect. 1872) and RiEss {Reicherfs Arch, 1872) have seen 
micrococci in the blood, and by inoculation have generated a fever-like disease 
in rabbits. Coze and Feltz also found micrococci in the blood of patients 
affected with measles; Keating {PhUadelph'a Med. Times, Aug. 12, 1882) 
recently found them in an epidemic of malignant measles; Ranboxe, and 
Braidwodd and Vacher {Bnt, Med, Joum, Jan. 21, 1882) found them in the 
breath as well as in the tissues. 
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(6) Endocardial*, 

Iq many fonns of endocarditis the affected patches are covered with an 
abundant layer of micrococci. These are also found in metastatic patches if 
there be any. It is very probable that endocarditis may be set up by various 
causes, and as it would seem by various forms of micrococcus (Art 282). 

References: — R. Maier, Virch, Arch. vol. 62; Ebebth, Virch. Arck voL 
57; Klebs, Arch. f. exp, PcUk X; Kostbr, Virch, Arch, vol 72; Koch, 
MiUL a, d, h, Oesundh, Berlin 1882. 

(7) Variola and vaccinia. 

In both affections micrococci have been found in the vesicles. As to their 
real significance nothing certain is known. 

References: — Keber, V^irch. Arch, vol. 42; Zulzer, Berl, Bin. Woch, 51, 
1872 ; Wexqert, Anai, Beitr, z, Lehre v. d, Pocken 1874; Klebs, Arch f, exp. 
Path. X. 

(8) Haemophilia neonatorum, 

Klbbs {Arch. / exp. Path, rv.) and Epfinger {Beitrd^e tur path. Anat, 
V. KUhe 1878) have described a micrococcus in this disease, and have given 
it the name of Monas haemorrhagicum. 

(9) Acute yeUow atrophf of the liver. 

Klebs, Waldbter, and Eppinger {Prag, Viertelj, 1875) have published 
papers on the micrococcus found in this disease. 

( 10) Cro upotts pneumonia. 

Klebs (Arch, f, exp. Path, iv), Koch (Mitth, a. d. k. Qesundh, Berlin 
1881), and Friedlandbr (Virch. Arch. vol. 87) have seen micrococci in cases 
of this disease. 

(11) Acute catarrh al pneumonia. 

Micrococci are very often found in the alveoli and lung-tissua They 
probably reach the lungs with other bacteria from the mouth-cavity (pneu- 
monia by aspiration). 

(12) Sarcina. 

The fungus so called occiuv chiefly in the stomach, lungs, pharynx, and 
urine. In Uie lungs it has been found by Nauwerck in various pneumonic 
affections (Corresp, /. schweiz. Aerzte 1881). It is much smaller than the 
sarcina of the stomach. Nothing is known of its significance. 

We may here refer to a disease of silkworms, which throws light on 
the development of bacteria within the body. It is called p/brine, gcUtine, or 
'spotted disease'. It formerly produced enormous destruction among the silk- 
worms in silk-producing distncts. Investigations made in 1853 — 56 showed 
that it was associated with the presence of a micrococcus. Nageli called the 
fungus Noeema bombycis. Pasteur proved experimentally that these organ- 
isms produced the diseese, and alBO showed by what means it could be averted. 
The micrococcus is transmitted to the eggs : the moths are therefore isolated 
and after laying their eggs are microscopically examined. If the moths are 
found to be diseased the eggs are destroyed. Another disease of the silkworm, 
maladie de morte-blancsy which annually causes great losses to silk-growers, is 
very probably a bacterial affection. 

TouBSAiNT and Pasteur have shown {Comptee Bendus nos. 6, 17, 18, 1880) 
that fowl-cholera is caused by on invasion of micrococci. The organism can 
be cultivated in alkalised chicken-broth, which has previously been sterilised 
by being raised to a tsmperature of 1 K/^ to 115® C. 

205. The two representatives of the class of Microbacteria, 
namely Bdcterium termo and Bacterium lineola, can only develope 
in dead tissues and liquids. B. termo is frequently found in tne 
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human body at places where necrosed tissue is accessible to the 
air. Putrefaction is in fact conditioned by the presence of this 
prganism. It may become dangerous by setting free products 
of decomposition which excite inflammation or gangrene around 
the putrefactive focus, and when abs(»:bed act poisonously on the 
system generally or on remote organs. 

Qaffkt recently discovered a specific microbacterium (Mttth. a. d. k, 
Oesundh, Berlin 1881) which he was able to cultivate separately in sterilbed 
gelatine impregnated with blood-serum, and in a cold infusion of boiled 
beef. He mund the oi^ganism in river-water much polluted with sewage. 
The same bacterium is occasionally found in meat-washings and blood, 
as putrefaction sets in. It is a short rodlet which takes up aniline dyes 
at its poles only, the middle remaining clear. It is very like B. termo. 
Its spores have not been observed. Rabbits inoculated with it remain 
unaffected for ten or twelve hours, then high fever sets in^ and death 
in twentv hours. The blood of the infected animals contains bacteria. 
Quinea-pigs, white rats, cats, and dogs are not susceptible, but sparrows, 
canaries, and chickens are. This bacterium does not set up putrefaction 
when * purely' cultivated ; it is therefore distinct from B, termo, 

206. Of the Besmobacteria the typical example is the best 
known of all microparasites, the Bacillus anthracis. It is found 
in the blood of animals affected with anthrax or splenic fever, and 
it is certain that it is the sole cause of the affection. The organism 
can be cultivated outside the body (Art. 186), and anthrax can be 
produced by means of the cultivated specimens. All that is need- 
nil is to introduce the bacillus or its spores into the blood. No 
au^iiiary conditions, such as the formation of septic products 
or the presence of chemical poisons, are necassary. 

The spores are the commonest medium of infection, as they are 
hardier tnan the bacillus itself. Such spores develope in the 
blood of animals dead of anthrax even after burial (Koch). If they, 
are not deeply buried the spores may ultimately reach the surface 
of the ground. Cattle are then infected through wounds (such as 
scratches of the mouth caused by stubble or by insects), through 
the alimentary canal, or through the lungs. Death seems to 
result chiefly from abstraction of oxygen, and disturbance of th6 
circulation. 

In man the disease is only produced by transmission of the 
virus from infected animals living or dead. In England the infection 
is chiefly conveyed by means of the fleeces of diseased animals 
to persons engaged in handling them (wooLsorters' disease). 
Anthrax in man usually continues as a local affection for a longer 
time than in the lower animals. Papules, vesicles, and pustules on 
a red and swollen base are developed in the skin. Numerous dark* 
red button-like nodules crammed full of bacilli then appear in the 
intestine. This haemorrhagic intestinal form also occurs in cattle. 
In human anthrax the blood usually contains much fewer bacilli 
than in the case of cattle. 
- "ARMAtJER Hansen and Neisser have lately succeeded in 
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demonstrating the presence of a bacillus (B. leprae) in the nodes 
and tubercles of leprosy. The constancy with which it occurs in 
leprous patches would indicate that it is the exciting cause of the 
disease (Art 131). 

Klebs and Tommasi-Crudeli have likewise found a bacil- 
lus (B. malariae) in cases of malarious or intermittent fever, and 
have experimentally investigated its properties. They assert that 
it is to be met with in the soil and air of malarious districts, 
and can be demonstrated in the blood of affected patients. The 
significance of the bacillus has not however been fully made out. 

In cases of typhoid fever Klebs and Eberth have discovered 
a bacillus lodging in recent infiltrations of the mesenteric and 
intestinal glands. Koch and Friedlaender have verified the 
discovery, but the life-history of the bacillus is as yet unknown. 

Koch has recently maae comprehensive researches into the 
aetiology of tuberculosis. He finds that bacilli (B. tuberculosis) 
are constantly present, not merely in tubercles, but in various 
diffuse inflammatory infiltrations and granulomatous growths, and 
in the sputa of phthisical patients (Fig. 80). He is also able to 




FlO. 80. BACILLUS TUBERCULOSIS IN PHTHISICiU:. SPUTUM. 

[Stained by OIBBES'S method with magenta and methylene-hltte : the piu-celU 

appear bluet tlie bacilli crimeon : x 800 eirea) 

cultivate the bacilli in gelatine impregnated with blood-serum, and 
to produce tuberculosis with striking success by inoculation with 
the cultivated bacilli (Art. 127). It is probable that the bacillus 
is unable to develope outside the animal body ; and that it forms 
spores within the body of its host (Art. 127). 

(1) Anthrax (splenic fever, malignant piMttiU, charbon). 

The Bacillus anthracis was first discovered by Pollender in 1849 (Oosperms 
Viertdj, vm, 1855) and Brauell {Virch, Arch, vol 11, 1867). Davainb was 
the first to recognise it as the specific virus of splenic fever {Comptes Bendus 
vols. 67 (1863) and 77 (1873) ; Archiv. g^. Feb. 1868). Since then many 
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investigators have examined the question of the significance of the bacillus { 
Bollinger, Splenic Fever, Ztemssen^s Cyclopaedia vol. in). Koch has made 
the most careful researches on the subject (Beitiiige z. Bid. cL Pfl<imen von 
Cohn n, p. 277, and Mitth. a. d. k, Gesundh, Berlin 1881), and his experiments 
have thrown much light on the biology of the bacillus. Toussaint also haa 
lately published some elaborate researches {lierherches exp^rimentales svr 
la maladie charbonneuse Paris 1879). Spear and Greenfield have investi- 
gated anthrax in man as it occurs in the form of * Woolsorters' disease ' {2fecL 
Off. Report to Local Gov. Board for 1880). 

The life-histonr of the anthrax-bacillus has already been given in Art. 18& 
It can only devefope at a temperatiu^ over 18^C and in presence of a free 
supply of oxygen. Hence no spore.s are found in the bodies of animals 
bunea more uian a metre deep. Spores may however very readily be 
produced, if in burying the animal its blood or secretions (such as urine) 
oe allowed to contaminate the superficial soil : in siunmer the temperature 
there may rise above 18® C (Koch). 

Pasteur {Bulletin de Vacad, de m^J. 28, 1880) thought that earthworms 
might carry spores from buried beasts to the surface, and eject them with 
their excreta. But Koch regards this hyix>thesis as imlikely and unnecessary 
to explain the spread of the disease. The contamination of the siurfiaoe-layers 
in the proc^.ss of burial is enough. Koch's ex|)eriments show that the 
transmission of the spores through the iKxlies of worms does not play the 
important part assigned it by Pasteur, but they do not exclude it altogether. 
Other experiments prove that the bacilhis may bo cultivateil on potatoes, 
in alkaline or neutral hay or pea-straw infusions, on crushe<l oats or barley, 
on tuniipjuice, maize, beans, lentils, and main' varieties of dead vegetable 
matter, if only sufficient water be provided. It is therefore probable that 
they may normally grow and develoi)e outside the body of an animal 
This takes place most readily in marshy spots and river-banks (Koch). 
Spores are formed in summer, and |)ersist through the winter. Inundations 
then carry the germs into the pasture-lands. If Koch's views are correct, 
the invasion of the animal body by the bacillus is as it were an accidental 
incursion of an ectogenous organism. Pasteur has shown that birds enjoy 
no immunity against anthrax. 

(2) * Sf/mptomatic* anthrax {RatMchbrand). 

This disease is probably due to a bacillus found in the affecteil animals. 
It is shorter and thicker than the anthrax-bacillus, forms local aggregations in 
the tissues, and is accompanied by the development of gas. See Koch {loc 
cit.\ and Arloing, Cornevin, and Thomas on ^Charbon sf^mptonuttique^ {Parii 
Acad. June 1881). 

(3) Malignant oedema. 

Koch has occasionally found in putrefying matters a bacillus which 
produces in animals an affection resembling anthrax. He describes the 
affection as malignant oedema, and the bacillus as B. oedennatis. It is fatal to 
mice and guinea-pigs. The site of inoculation becomes oedematous, and is 
beset with bacilli. These spread into the serous cavities, but except in mice 
the blood remains free of them. If mice be inoculated at the tip of the 
ear, they survive. The bacilli are somewhat narrower than anthrax-bocillL 
It is possible that the bacilli found in certain affections due to poisonous meat 
(HuBER, Arch.f. klin. Med. xxv) are oedema-bacilli. 

(4) Intestinal mycosis. 

This is a term which includes several bacterial affections. Sometimes the 
affection is due to anthrax-bacilli, sometimes to oedema-bacilli. It is possible 
that other bacilli and micrococci (Art 477) mav give rise to similar disorders. 

References:— E. Wagner, Arch. d. Heilk. xv; Leu be and Mt^LLER, 
Arcfi. f. klin, Med, xii ; Bollinger, BeitrUge zur vergl. Path. d. HavMhiert 
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Munich 1872 ; Buhl, ZeiUch, /. Bid. vi ; Waldeter, Virch. Arc/i, vol. 52 ; 
FiacHL, Afvh, f. Mp. Path. xvi. 

Many instanora of so-called 'meat-poisoning' are to lie reckoned as 
cases of intestinal mycosis. They are very probably produced by various 
micro-organisms and their products. In some cases the poisoning is simply 
septic (Art. 204 (3)) : in others it is apparently specific, and in some of these 
latter bacilli are certainly concei-nod. Exact investigations on the subject 
are still to be desired. 

References: — Zangoer, Arch, /. ThierheUk. xxiv (1871); Albrecht, 

Wochenich. f. ThierheUk, 1878 ; Kubsmaul, Arch, f, tlin, Med, iv ; HuBER, 

Arch, d, Iteilk, xix ; W alder, BerL klin, Wock 1878. Wtbs, Correep, 

f. 9chweU, Aerzte 1881 ; Bollinger, Zt^r Aetiol. d. Infect. Munich 1881 ; 

Ballard and Klein, Report of Med. Off, of Local Oovt. Board 1880. 

(5) S^phUie. 

Klebs has a paper on h bacillus connected with syphilis in the Ardi, f. 
txp. Path. X. He found microscopic rods and spherules in indurated chancres. 
From these he obtained bacilli by cultivation. Inoculating a monkey with 
these, he produced an inflammatory affection in some respects resembling 
B^hilis, in other respects resembling tuberculosis. Ziegler made many 
similar experiments but was unable to corroborate Klebs' statements. In 
1878 he and von Rinecker attempted to cultivate the substance removed 
¥rith all care from indurated buboes, the attempt was repeated many times, 
but always with negative results. Various nutritive substances were used hi 
the cultivation-experiments. See also Aufrecht, Cent.f, med. Wise. 13, 1881 ; 
Birch-Hirschfbld, ibid. 44, 1882. 

(6) Malaria. 

The Bacillus malariae was taken by Kt^BS and Tommabi-Crudeli from 
the air over the Italian marshes by means of a special apparatus. Its 
properties were tested by culture and inoculation. They also fouud the ftingus 
m samples of soil taken from the same districts. They conclude — that 
malarious disease can be reproduced in rabbits: that it is caused by an organism : 
that this is present in the soil of the malarious district before it produces 
fever in man : and that its passage into the air can be observed under 
favourable conditions. Marchiafava found the bacillus in the blood, 
marrow, and spleen of patients who had died of malarious fever. 

The BacUcus malariae is an a^robious organism, which flourishes in 
soils of various kinds and may occur in places that are not marshy. It forms 
spores, and for its development requires a temperature of 20^ C. L aver an 
found ^jUamente mobiles' in the blood of ague-patienta 

References :— Klebs and Tommasi-Crcdeli, Arch, f, exp. Path, xi ; 
Ceci, ibidem xv; Tommasi-Crudeli, La Malaria de Rome Paris 1881, 
Nuwfistudj sulla natura delta Malaria Rome 1881, Malaria and the Ancient 
Drainage of the Roman Hills, Practitioner 2, 1881, /stituzioni di anat. pat. 
vol. I Turin 1882 ;. Marchiafava and Cuboni, Nuovi stitdj suUa natura adla 
Malaria^ Acad, dei Linoei, Jan. 2, 1881 ; Marchand, Virch, Arch, vol 88 ; 
Laveran, Nature parasitaire des accidents cTimpaludisme Paris 1881 ; 
Richard, Comptes Rendus 1881 ; Sternberg, Rej. Aat, Board of Health 
{U, S.) 1881. 

(7) Leprosy, 

Bacillus leprae was found in all the leprous nodules they examined by 
Armauer Hansen {Virch, Arch. vol. 79 and Q. Joum. Micro. Sci. 1880) 
and Neisser {Breslauer iirzt, Zeitsch. 1879 and Virch. Arch, vol. 84). The 
bacilli are rather longer than the semi-diameter of a red blood-cell : they lie 
partly within and partly without the cells of the leprous nodules. Neisser 
cultivated them in blood-serum and extract of meat, and observed them 
develope into filaments. They form spherical spores which are seated at 
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the ends of the roclleis, or form bright vacuoles in the middle of them. 
They spread through the system bv way of the lymphatics, not of the 
blood-vessels. They are surrounded by a gelatinous envelope and at times 
seem to be motile. Cornil and Suchard {Annales de Denmt, 1881) have 
confirmed the statements of the first observers. 

(8) Typhoid fever, 

Klebs {Arch, f, exp. Path, xii, xiii) and Eberth {Virch, Arch. voL 81) 
have found bacilli in the diseased patches of the intestine, and in the 
mesenteric glands, in cases of typhoid fever. Koch has confirmed the state- 
ment {Miith, a, d. k, Gesufidh, 1881). In the sloughs from the intestinal 
ulcers long and short bacilli have been seen, in the lymphatic glands only 
the short ones. The latter are found also in the vessels of various organs, 
especially the spleen, kidneys, and liver. They are probably the exciting 
cause of the disease. Maragliano has found similar bacilli in the blood of 
livhig typhoid patients {Cent./, med, IfVw. 41, 1882). 

The above results seem at first sight to disagree with those of Fischl 
and Eppinger {Beitrage t, path, AncU. ii Prague 1880), Letzerich {Arch, /. 
exp, PcUL ix), and Tizzoxi {Studi di pat, sperim, aulla gen. d. tifo abdom. 
Milan 1880). These observers detected micrococci. It is possible that 
micrococci may settle in the typhoid ulcers by way of a secondary invasion. 

(9) Tuberculosis, 

KocH^s Bacillus tuherculosisy mentioned already in Art. 127, grows in 
gelatine impreenatod with blootl-serum between the temperatures of 30® and 
40^ C, but not beyond these limits. It cannot therefore complete its develop- 
ment outside the body, at least in temperate climatea In most cases 
tuberculosis starts in the lungs, which become infected from the inspired 
air. The chief agent in contaminating the air is the sputum (Fig. 80) of 
phthisical imtienis which invariably contains the specific bacillus, either with 
or without spores. The infective power of the sputum is not destroved by 
drying. It is highly probable that the spores are likewise unaffected thereby. 

The tubercle-bacilli grow very slowly and therefore do not readily succeed 
in making a settlement on the surmce of mucous membranes. Healthy 
tissues are besides at all times difficult to infect. The settlement is favoured 
by wounds, loss of epithelium, stagnating secretions, &c. 

The tuberculosis of domestic animab and the * pearly-disease ' of cattle 
are due to the same bacillus as the human disease (Koch, Berl. Hin. IfocA. 
15, 1882). 

The bacilli grow well in sterilised ox-senim, but they develope and 
multiply very slowly. The colonies of fungi are only visible to the naked 
eye after ten days* growth : they then appear as dry whitish scoles. These 
are made up of delicate rodlets. Each patch attains in three to four weeks 
the size of a poppy-seed, and then ceases to grow further until transplanted 
to a fresh siibstnitum. This is owing to the fact that the bacilli have no 
power of locomotion, and so cannot spread over the nutrient gelatine. 

207. Of Spirobactenu two forms arc known to occur in man. 
The one, apparently quite innocuous, is the Spirochdeta denticola : 
it inhabits the mucous membrane of the mouth and nose. The 
other, the Spirochaeta (or Spmlluvi) Obermet/eri is found in the 
blood of patients suffering from relapsing fever, during the attacks. 
It is almost beyond doubt that the disease is caused by its invasion 
and multiplication within the blood. Quite lately the disease has 
been transmitted to monkeys by inoculation with the spirillum. 
Nothing certain is known of the habitat of the spirillum outside 
the body. It is easily detected by the microscope in the blood by 
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reason of its lively movements: these sometimes cause the red 
blood-cells to be dnven and pushed about in the field of view. 

The spirillum of relapsing fever was discovered by Obermeter in 1873 
(Centralb. /. med, Wiss, 10, 1873 and Berl. klin. Woch. 33, 1873). Since then 
it has often been examined and described. See Weigert, Deut9ehe med, 
Woch. 1876 ; Heydenreich, Der Farasit d^s RUckfalUtyphuB Berlin 1877 ; 
MoczuTKOWSKY, Arch, f. klin, Med, xxiv ; Geddes and Ewart, Proc. Roy. 
Soe, xxvii. The successful inoculation of the monkey was performed by 
Carter {DetOsche med. Woch, 16, 1879, Lancet 1, 1880, and SpiriUnm Femr 
London 1882). 

208. If we accept for a moment the hypothesis that all or 
most infective diseases (other than those due to animal parasites) 
are caused by the development of bacteria in some tissue or fluid 
of the body, we are met at once by the question whether in that 
case each specific form of disease has a corresponding specific 
bacterium. From a clinical standpoint this question must be 
answered in the affirmative. The most marked feature of the 
infective diseases is just this, that they run a typical and special 
course. Even though this may in individual cases be modified by 
various influences, it is in general so characteristic, so patho- 
gnomonic, that the disease can oiten be diagnosed by its course 
alona We should therefore have no hesitation in inferring from 
the specific course of the disease that the virus which excites it is 
also specific. 

Histological examination of the tissues of patients afiected 
with bacterial disease has shown that in some cases (relapsing 
fever, anthrax, tuberculosis, leprosy) well-marked forms of fungi 
are always detected: and further that these forms of fungi, or at 
least forms belonging to one or other of their developmental stages, 
are the only ones constantly found. 

In other cases such histological distinction has not yet been 
possible. The micrococci occurring in various infective diseases do 
not as yet afford us characters sufficiently well-marked to form a 
basis for distinguishing them into species. It must not however 
be assumed that these various micrococci are identical, and that it 
is merely the accidental association with them of this or that poison 
which makes them seem to have different properties. 

If the micrococcus that is found be in fact the exciting cause of 
the disease, we must admit that it must be endowed ah initio with 
distinct properties. From the pathological point of view as well 
as from the clinical, we must regard it as belonging to a distinct 
species. As we pointed out in Art. 18»3, we are compelled to classify 
tne bacteria into species on other grounds than those that apply to 
the higher plants. Our classification is based as yet on their 
morphological and physiological peculiarities. In the case of the 
micrococci we are confined almost entirely to the latter. We are 
compelled to set up physiological species. Thus as the chroma*- 
togenous micrococci are classified according to the colour they 
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produce, so the infective micrococci are classified into species 
according to their pathogenous properties. 

Koch has shown that in the case of nianv bacterial affections it ia 
possible to discover in the fungi well-marked morpholcigical differences 
oorresponding to the physiological differences {Traumatic Infectitfe DueoMet 
1880). Struck's papers also contain many valuable contributions of this 
natiure. See Arts. 204 — 207 for further references. 

209. Each specific microparasitic disease presupposes a specific 
exciting cause, that is, a bacterium with special physiological 
properties. 

In aiSrming this proposition we do not imply that the specific 
bacterium constitutes a distinct species in the biological sense. 
This is a question which cannot be answered by the physician : it 
belongs to the biologist. He will have to make out whether the 
properties attributed to the bacterium are constant, and whether 
these properties are the only ones possessed by the corresponding 
biological species. 

On these points observers differ widely. KoCH from his 
culture-experiments has come to the conclusion that the patho- 
genous bacteria, like the non-pathoG;enous, do not alter in their 
properties. If bacteria be cultivatea for several generations, the 
same developmental forms continually recur, and their physio- 
logical properties remain in every respect the same. Even when 
the nutrient medium is altered from time to time no recognisable 
differences are produced. Koch does not dispute that mutability 
of species is possible among bacteria, but he holds that no 
adequate evidence has yet been brouffht tx) prove it. 

l-his view has now many adherents, es^lly among clinical 
observers. Some go even further and assert that mutability of 
species is impossible. 

The most important opponents of Koch on this point are 
Naeoeli, Davaine, Buchner, and Wernich. Naeqeli thinks 
that both the morphological and the physiological characters of the 
bacteria are mutable. A given bacillus does not invariably 
produce bacilli of the same structure, and does not always pass 
through the same developmental stages. A bacterium which 
under given conditions gives rise to a definite kind of fermentation 
may lose this property when cultivated under different conditions 
(Art. 192). Thus the same fungus can set up butyric acid 
fermentation or lactic acid fermentation according to circumstances. 
Naegeli regards the various species of bactena above described 
not as biological species, but as vegetative forms of a few as yet 
undetermined species. 

References: — Naoeli, Die niederen Pifze Munich 1S77 and 1882; Bucuner, 
Die yUgdCmihe Tkeorie Ijei^^g 1878; Bmcu-HiEiBCBFELD^ tSchmtdts JakrhUcher 
1875 ; Wernich, Die accommodatit^e Ziichtviig der Infectionnstoffey Kosmoe 4, 
1880; Die Entwickduiig der organieirten KrarMeiUgifie Berlin 1880; />«- 
i^ecUcyMldire 1880; Pasteur, De Vait^uatum dee virue et de lew retour d la 
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vindetwey ChmpUi Beadm vol. 92 ; Klrbs, Ardi, f, exp. Path, xiii ; Buchner, 
Exp, Eneitg, d. Milzbrandhacillen aus ffeubacillen Munich 1880, Mujichener 
Acad. d. Wisi. Jan. 12, 1882, and Naoeli's UiUermcL iib. n. Pilze Munich 
1882; Urlichs, Arch. f. Iclin. Chir. xxiv; KocH, Traumatic Inf. Dm. 1880, 
Mitth. a. d. k. Oesundh. Berlin 1881; Qaffkt, ibidem; Yokker,' Virch. Arch. 
vol. 88 ; Wolff, Virch. Arch. vol. 81 ; Semmer, Virch. Arch. vol. 83 ; Davaink, 
Acad, de m4d. Paris 1872; Qreenfield, Proc. Boy. Soc. Edin. 1880, Jouni. 
Roy. Agric. Soc 1880 ; Klein, Rep. Med. Of. Loc. Gov. Board 1881 ; Miquel, 
BuO. Soc. Botan. 1881. 

Wolff maintains that micrococci and short bacilli change into each other, 
and seeks to support this by showing that transitional forms exist. What he 
takes for transitional forms may very easily however be nothing more than 
germinating spores, or even rodlets viewed obliquely. His statement — that he 
obtained bacilli from a rabbit into whose peritoneal cavity he had injected 
micrococci — is explicable bv supposing the injected matter to be impure. 
Wernich also asserts that the vanous K>rms may be interchanged, and speaks 
of the circumstance as evidence of " unstable morphological eouilibrium.'' He 

S'ves no other evidence in support of his idea. With regard to Klebs and 
illroth, and their views in this connexion, see Art. 185. 

210. The defective state of our knowledge makes it for the 
present impossible to give a definite answer to the question of the 
mutability of the bacteria. It would however appear from the 
researches of Naeoeli and others that we are not absolutely justified 
in regarding all the various forms as representing distinct biological 
species. The idea of a species must be based on characters that 
are constant, not on those which may alter with the surroundings. 

The researches of KocH and his pupils do not prove that the 
properties of the bacteria examined by them are perfectly constant. 
They only show that the morphological and physiological qualities 
possessed by a bacterium at a given time are retained by it with 
some tenacity, even when a certain amount of variation takes 
place in its environment. On the other hand the researches of 
Naegeli, Buchner, Wernich, and others seem to aflford evidence 
that this constancy is not shown under all conditions : that changes 
of the nutrient medium may have some effect on the form and size 
of the cells, on their mode of multiplication, and on their physiologi- 
cal or fermentive properties. Changes of this kind and extent do 
not however indicate that one species is transformed into another. 
We must rather conclude that one or other of the properties 
possessed by a biological species of bacterium may be brought into 
prominence by proper moaifications of the external conditions. 

The mutability manifested by a given bacterium will thus 
have definite limits. The bacterium cannot in any period of 
time within the extent of our observation acquire properties 
different from any of those possessed by the species to which it 
belongs. As to the extent of the cycle of varieties through which 
any one of the known bacteria may pass, we know indeed but 
little. It is possible that the properties of many of them admit 
of only the slightest variations from those with which we arc 
acquainted. It is moreover probable that many of the varieties 
known to us constitute true biological species. 



S04 PARASITES. [sect. VII. 

211. If we accept the hypothesis that different vital proper- 
ties of the bacteria may be brought out by different external 
conditions, we have next to enquire whether the pathogenous 
bacteria may not be peculiar varieties of non-pathogenous forms. 
It is conceivable that in certain circumstances a bacterial virus 
mi^ht be developed from an innocuous bacterium, and might 
ultimately be transformed back to the innocuous form again. 
This view has been maintained by several authors (Naegeli, 
BucHNER, Wernich) and has been supported by various experi- 
mental results. They have chiefly relied on the observation that 
manv bacterial poisons appear to become more virulent by trans- 
mission from animal to animal {e, g. that of Davaine's septicaemia), 
in other words, that by continual inoculation the parasite learns to 
accommodate itself more and more completely to the conditions 
in which it is placed. The opponents of the theory of mutability 
diminish the force of this argument by showing that the increase 
of virulence correspnds with an increase in the 'purity' (or 
freedom from admixture with other bacteria) with which the 
fungus is cultivated. If a mass of mixed bacteria be inj acted 
into an animal, there will be at first several forms which develope 
simultaneously, and it is only after the virus has been trans- 
mitted through the living body twice or thrice that one form gets 
the upper hand, and developes to the exclusion of the others. 

The theory of mutability, and especially that of the transforma- 
tion of non-pathogenous into pathogenous forms, receives stronger 
support from an experiment of Buchner's in which he seemed 
to show that anthrax-bacilli can be bred from hay-bacilli {B, subtUis) 
and conversely. Koch, Gaffky, and Klein dispute the validity 
of the experiment, but Buchner stands by it and claims to have 
confirmed it by fresh results of a like kind. The weight of evidence 
is for the present against him. 

At present we are unable to draw any certain conclusion 
regarding the relation of non-pathojgenous to pathogenous bac- 
teria. Clinical experience would indicate that the activity of the 
infective virus may vary within certain limits. And we must 
apparently admit that the infective bacteria have not always 
possessed their noxious qualities, but have acquired them somehow 
m the course of ages. But this is not enough to convince us that 
harmless bacteria can acquire infective properties rapidly, that is 
to say in the course of comparatively few generations. They 
appear rather to hold by their properties with a certain tenacity. 
We may therefore provisionally conclude that the transformation 
of innocuous into noxious bacteria can occur but rarely and under 
special conditions. In other words, the pathogenous bacteria, even 
if they do not represent biological species, are wont to maintain 
the pathogenous form for long periods of time. 

Davaine, Coze, and Feltz experimented on the septic poison obtained 
from putrefying blood. They at first asserted that its vinuenoe increased 
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with extraordinary rapidity, so that in the twenty-fifth generation oue-trillionth 
of the amount of matter originally used in the inociSation was all that was 
necessary to produce the same infective results. Dayaine became afterwards 
convinced that the virus attained its full power in the second or third genera- 
tion. EoGH confirmed this, and explained it by showing that the original 
matter used in the inoculation was impure, ue, contained other bacteria, and 
that the repeated inoculations gradually eliminated the admixture. Gaffky's 
experiments brought out the same result. Rosenberoer {CerUralb, f, med, 
Wiss. 4, 1882) has lately found that the gradual increase of virulence is more 
protracted in the case of the Bacillus oedematis, 

Wernich finds that the potency of the Micrococcus prodigiosus (that is, 
its &culty of multiplying and producing red colouring-matter) can be in- 
creased by modifying the mode of cultivation. Gaffky regards this fact as 
likewise due to the dimination of impurities. 

BucHNER first announced in 1880 that hay-bacilli could be transformed 
into anthrax-bacilli. If hay-baciUi are injected into the blood of animals they 
do not give rise to anthrax. If however they are bred for several generations 
in meat-extract and then in the arterial blood of a rabbit, they acquire noxious 
qualities and give rise to anthrax in mice after two to nine days' incubation. 
Conversely, if anthnix-bacilli are properlv cultivated they can be transformed 
into bacilli whose properties are identical with those of hay-bacilli 

Koch {loc. dt.) disputes the correctness of Buchner's observations, and 
suggests that he has been experimenting with the oedema-bacillus (Art. 206 
(3)) instead of the Bacillus anthracis. According to Koch the anthrax-bacillus 
and the hay-bacUluB do not resemble each other. Hay-bacilli are rounded at 
the ends and possess cilia or flagella: anthrax-bacilli are as it were cut off 
square. Buchner's cultures were impure, the^ contained germs of other 
bacilli and these by degrees suppressed the original forms. While the hay- 
bacillus was supposed to be breeding in the blood the oedema-bacillus, or some 
other of similar action, was developed; in the converse process the so-called 
anthrax- bacilli were graduallv suppressed by others. 

In a later memoir {Akaa. d, Wiss. Munich 1882) Buchner maintains his 
position and mentions fresh experiments bearing on it. In his view Cohn^s 
BacUlus subtilis includes several varieties ; namely (1) hay-bacilli, (2) Pas- 
teur's butyric- acid ferment, (3) Fitz's bacterium {Ber. detUscL chem, OeseUsch. 
IX, 1878) which converts glycerine into ethylic alcohol, (4) anthrax-bacilli. 
This fungus, which he regards as constituting a biological species, he calls 
Bacterium subtile. The properties of the variety which produces anthrax may 
be retained or withdrawn at pleasiire bv proper modes of cultivation. In the 
process of transformation transitional varieties appear representing inter- 
mediate stages between anthrax-bacilli and hay-bacilli. Tne middle forms 
only produce anthrax when injected in very large quantities. The process of 
tran^ormation may be completed by cultivation in an alkaline solution of egg- 
yolk for twenty-four to forty-eight hours. The transformed* bacUluB (hay- 
bacillus) is distinguished by its energetic fermentive activity, and causes 
albumen to coagulate. It is inert when injected into the blood. 

Naqeli, in his recent book entitled Untersurchungen iiher niedere PUzc 
(Munich 1882), takes up the same position as Buchner with regard to the muta- 
bility of the bacteria. He believes that one and the same species may assume 
different forms according to the nutriment it is supplied with. These forms 
may exhibit different physiological and even morphological characters. The 
pathogenous bacteria are ' nutrimental ' modifications of non-pathogenous 
species. 

Kleik in an important report just published {Rep, Med. Off. to the Loc. 
Oov. Board for 1881) communicates the results of a senes of researches under- 
taken to test BucHNER^s hypothesis. He points but the probable sources of 
error in Buchner's work, ana concludes that the anthrax-oacillus retains its 
full power to produce specific disease so long as it retains any power at alL 

References : see under Arts. 209 and 219. 
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CHAPTER XXXI. 

HYPHOMYCETES AND BLASTOMYOETES 
(MOULDS AND YEASTS). 

212. Mould-fungi and yeast-fimgi, with their congeners, 
belong like the bacteria to the acmorophyllous Thallophytes. 
They appear to have no nearer affinity than this to the bacteria, 
and they have no phylogenetic relation to them. The mould-fungi 
and the yeast-funri are however more nearly akin to each other, 
for it is probable that the yeast-fungi are the primitive forms fix>ni 
which the higher fungi have developed (Bbefeld). 

Moulds and yeasts, like bacteria, can only draw their nutriment 
from organic carbon-compounds. These they mostly find in dead 
organic matters, and they are therefore classed as Saprophytes. 
Some of them however are able to abstract nutriment from living 
tissues, and are therefore to be reckoned as Parasites. Both forms 
are met with in connexion with the human body. 

The mould-fungi or Hyphomycetes are well known outside the 
body. They form the familiar flocculent covering or pellicle seen 
on decaying organic substances, and variously known as mould, 
mildew, mother, &c. They belong to several distinct genera and 
even to distinct sub-classes of the Thallophytes. 

The yeast-fungi or Blastomycetes are also familiar organisms. 
They set up alcoholic fermentation, and form the yeasty scum 
which appears on the surface of alcoholic liquors. 

The systematic classification of the Thallophytes has in the last year or 
two undergone considerable modification. 

The earlier classification, based on certain obvious characters of form and 
habit, was into Algae, Lichenes, and Fungi, This subdivision has been 
modified since the oiscovery of the reproductive oi^gans, and in many cases 
of the entire life-history, of the various forms. No sharp line divides the 
algae from the fund. Many families of so-called algae and fungi are really 
correlated, inasmuch as they agree in the characters of reproduction and 
'alternation'. The lichens have been regarded as ascomyoetous ftmgi which 
are parasitic on particular algae, the gonidia. 

The absence of chlorophyll, and the variety of external forms (polymorphism) 
which occurs, are secondaiy characters ; the latter especially being influenced 
by parasitism (Sachs, Text-hook of Boiamf Oxford 1882 ; Brefeld, Botanuche 
Untersuchungen iiher Schimmelpilze Leipzig 1874 — 77). 
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Brefeld'b claasiticatioo is — (1) Phi/catnifoetea'=salgoid fanei ; (S) M^ijomyoetea 
strue higher fungi ; (3) Jfya^omyce^agelatinous fungi ; (4) Buutamycetes^^ 
yeastoftmgi ; (5) Smizanwcetes^hBcteritL 

For pathological purposes it seems more convenient to retain, as we have 
done, the older and well-marked classes of bacteria, moulds, and yeasts. 

Tke Hyphomycetes or Moulds, 

213. Morphology and physiology. The mould-fungi are 
hyphomycetous, %,e, they are fungi characterised by the formation 
of a mycelium. As they occur m man they appear in the form 
(1) of simple or branched jointed or unjointed laments of various 
thicknesses, and (2) of ovoid or sphe- 
rical cells. These filaments are the 
hyphae (Fig. 81) ; the compact masses 
or tufts which they form are mycelia; 
the spherical, ovoia, or cylindrical cells, 
often strung into a kind of chaplet, 
are the spores or rather the conidia. 
Spores are more commonly found 
within the human body than any 
other of the vegetative forms : fructi- 
fication is rarely observed. These 
fimgi are classified according to the 
place in which they are found, and 
the Section which they produce. 
Their names are derived from the 
name of their discoverer, from the 
name of the disease they produce, or 
otherwise. Such a clas^cation can 
only of course be a temporary expedi- 
ent. The filaments and spores are not 
the plant, they represent merely a 
developmental stage of it, and by no means determine the species. 
To settle this the plant must be purely cultivated on a proper 
soil, and its various stages traced out. 

In all cases the cell which we call the spore or conidium grows 
into a germinal tube or cylinder, and from it spring a greater or 
less number of ramifying unicellular or multicellular filaments or 
hyphae. These form a mass which, taken as a whole, is called the 
mycelium. This again may give rise asexually to reproductive 
cells, which develope into fresh mycelia. In other cases sexual 
organs are formed, and the product of the congress of the male and 
female elements is either a single spore (zygospore) or a fructification 
in which numerous spores {ascospores) are developed. From the 
zygospore, or from the ascospores, the new veneration springs. The 
former is the case in Mucor Mucedo; the latter in Aspergillus 
glaucuSy and JPenicUliumi glavcum — the commonest of the ordinary 
moulds. 

20—2 




Fio. 81. 
Fungi fbom a favus-patoh. 

{NEUMANN) 
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214. The £;enus Otdium exhibits the processes of growth and 
multiplication in their simplest form. It forms a white downy 
covering on decaying organic substances, especially on animal 
excreta, firuit, grapes {Oidtum Tuckeri), and sour milk. According 
to Grawitz (Virch. Arch. vol. 70) Otdium lactis, which grows 
upon the sur£Etce of milk, passes through the following stages of 
development. The conidia or spores, which are ovoid cells, lengthen 
out into one or more germinal tubes, which very soon b^me 
jointed and throw out lateral branches. These branches are at 
first cylindrical, but later on they become rounded off, and then 
appear as lengthened ovoids. Sooner or later they break up by 
transverse subdivision into chains or chaplets of conidia. The 
several conidia-cells then recommence the developmental cycle, 
which proceeds as before. No true sporangia or sporo-capsules 
aro formed, and no kind of sexual reproduction has been 
observed. 

21 5. Mvcor Mucedo is a mould-ftmgus which grows on all kinds 
of substances, but chiefly on excreta and on articles of food. It 
forms the familiar white mouldy covering. When the spores are 
numerous it takes on a brownish-yellow powdery look. If these 
spores be sown on the surface of a decoction of horse-manuro, for 
instance, they proceed to germinate within a few hours. The long 
ovoid spores become larger and more spherical Then they throw 
out their germinal tubes or hyphae in one or more directions. In 
twenty-four hours a dense interlacing weft of mycelium is already 
formed, made up of non-septate filaments (Fig. 82 B m), branching 
indefinitely into finer and finer expansions. The entiro mycelium 
is thus one enormously branched cell. 

When it reaches a certain point this vegetative growth ceases. 
The contents of the filaments become turbid, and draw towards the 
middle, firom which springs a stouter branch than the rest, the coni- 
diophare or sporangiophore (g). When this has grown somewhat, a 
button-like protuberance appears at its apex; this is the spor- 
a/ngium. It consists of an enclosing membrane and a protoplasmic 
coro. The protoplasm becomes segmented and thus are formed a 
multitude of comdia {A), Septa then begin to develope in the 
filaments of the mycelium. 

These sporangia are non-sexual structures. When ripe they 
consist of a membranous spherical envelope, containing a mass of 

rres agglutinated by a sticky intercellular substance. In water 
membrane gives way, and the conidia are set firee. 
The mode of multiplication just described is the commonest : 
but there is also a sexual mode of propa^tion by means of what 
aro called zygospores. The process is this : — ^the tips of two fili^ 
ments rising firom the mycelium aro each marked off by a septum 
so that eacn ends in an apical cell (Fig. 82 D aa). These tips 
meet and the cells coalesce, and by absorption of the separating 
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membranea the cootents Sow together. The single new cell thus 
produced is the zygospore. Its membrane becomes thickened and 
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it grows to a conmderable size. The thickened membrane is 
divisible into a blackish exosporium and a colourless mdosporium. 
From this zygospore, which in the case of Mucor is also a resting- 
spore, there springs, after some weeks of cultivation, a germinal 
hypha ( C k), which then developes a hypha bearit^ a sporangium (3). 
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We owe most of the details of our knowledge on this part of the subject to 
Brbfbld {Botetn. Unterrack. iiber SdiimmelpHte Leipzig 1874—77) : the fore- 
going account is taken from him. The mycelium of Phycomtfca in the figure 
taken from Sacks agrees generally with that of Mucor; in the latter however 
only a single conidia-bearing hypha is developed, 

216, The life-history of Eurotium Aapergillua (Aapergillus 
glaacus) and Eurotium repens is soniewh&t diSerent. These two 
fungi are found on various substances, but chieflv upon cooked fruit. 
They form a finely filamentous jointed mycelium (Fig. 83 A), 
from which rise a great number of aenal hyphae or comdiophores 
(c). These end in a spherical knob, firom the upper part of which 
sprout numerous densely-packed radial peg-shaped protuberances 
' I (st). Each sterigma gradually developes a long chain 
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of conidia so that the head of the conidiophore is at length covered 
with a sheaf of such chains. 

While the conidia are developing, the sexual organs are being 
formed within the same mycelium. The end of a mycelial filament 
becomes twisted like a corkscrew (A as) ; and the spiral turns 
come closer and closer to each other, till at last they touch and 
form a hollow spiral tube. This is the female organ or carpogoniwm 
{cLs), From the lowermost turns of the carpogonium thin branches 
sprout out, which grow up over the outside of the spiral. One of 
these, growing more quickly than the rest, reaches the uppermost 
turn and applies its point closely to it (B p). This is the male 
part or pollinodium. Conjugation takes place between it and the 
carpogonium ; the bounding membranes give way, and the contents 
coalesce. Thereupon from the lower part of the pollinodium and 
carpogonium • spnng new filaments, which increase rapidly in 
number and cling closely to the spiral ((7) so as at length to cover 
it up completely. These tubular filaments subdivide transversely, 
and so an envelope of polygonal cells (J)) is finally formed. This 
envelope is the perithecium, and it forms a hollow sphere {Ew) con- 
taining the carpogonium. The cells multiply so as to fill up the 
cavity (F). Meanwhile numerous septa are formed in the carpo- 

fonium, and fix)m the joints spring lateral branches (ascogerKms 
yphae) which ramify and subdivide (F as) between the surround- 
ing cells. Their terminal twigs form the a^ci ((?) (whence the 
fiiictifying carpogonium is named the a^scogonium). The asci are 
tubular, and in each of them eight spheres (ascospores) are developed. 
As the ascogenous filaments develope the ' packing cells ' or pseudo- 
parenchyma of the perithecium disappear. Ultimately the asci 
also vanish, and we are left with a hollow receptacle filled with 
spores* When ripe these last are lenticular or biconvex {H), 
6n germinating they again form a myceUum, whfch produces both 
conidia and penthecia. There is no true alternation of generations 
between the sexual and asexual varieties. 

217. The commonest of all mould-fungi, Fenicilliimi glaucum, 
developes in a similar way. It ^ows on the most meagre soils. 
Until lately the mycelium with its conidia was the only form of 
it which had been recognised. Brefeld showed however that it 
is an ascomycetous fungus allied to the Tuheraceae or truffles. 

The mycelium consists of jointed, much branched, uniform 
filaments. Some of these rise as conidiophores, which branch at 
the apex into sterigmata, and produce rows or chains of greenish- 
coloured conidia. Penidlliimi may pass through several generations 
all following this mode of propagation. 

But there is also a sexual mode. As in Eurotiwm a spiral 
female carpogonium and a male pollinodium are developed. In the 
former the germs of the new plants are produced. 

After fructification the carpogonium throws out thin sterile 
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filaments which interlace to form an envelope for it; and also a 
thicker filament l}ring in the centre and constituting the germinal 
or sporiferous element, which takes the form of a branching tube. 
The densely-packed enveloping filaments subdivide freely, so as 
to produce a compact and coherent mass of cells. The cells 
increase greatly in size, and their walls become firm and hard ; so 
that the structure appears at last as a firm ball or tuber, looking 
like a yellow grain of sand. This is called the sderotium, and 
may be preserved in the dry state for many months together. 

On germinating ascogenous filaments are developed within the 
carpogonium and grow out into threads, some of which are stout, 
while others are slender. The latter have to do with the absorption 
of nutriment from the enveloping capsular tissue, the former with 
the process of fructification. Clusters of asci are developed upon 
them, each containing eight spores. The whole of the enveloping 
tissue is ultimately absorbed, with the exception of the brownish 
outer layers. The asci and the filaments likewise vanish, and after 
some months we have left merely a hollow capsule filled with a 
multitude of bright yellow spores. From these spores or ascospores 
an ordinary mycelium is again reproduced. 

218. The life-history of a few of the most common of the 
filamentous fringi, some of them occurring in the human body, 
exemplifies the fact that the various forms have various modes of 
development and reproduction. In some the process of reproduc- 
tion is very simple. The mycelium gives rise by subdivision and 
abstriction to separate cells or conidia, which have the faculty of 
existing independently, and of developing a fresh mycelium. In 
others a second more complex but still asexual mode obtains : the 
mycelium shoots out specially constructed conidiophores or sporan- 
giophores, and these bear sporangia, or sterigmata. In or upon 
these receptacles are developed reproductive cells, which we term 
conidia or spores. 

But there is a third or sexual mode of propagation. In this 
two equivalent cells unite to form a new cell — the zygospore (as in 
Mucor) or true resting-spore : or a female organ developes — the 
carpogonium — which, iructified by the agency of a male organ or 
pollinodium, developes a germinal or ascogenous organ ; and this 
again by a process of branching and subdivision produces asci or 
spore-tubes containing the true spores or ascospores. From these 
the cycle of development may begin once more. 

This sexual reproduction may either go on simultaneously with 
the asexual modes, or an alternation of generations may take place. 
That is to say, from a conidium a mycelium is developed which 
possesses sexual organs, and from these is sexually generated an 
asexual plant. This bears ascospores, and they again form a 
mycelium which produces conidia. It is not to be forgotten, 
however, that strict alternation of this kind rarely occurs. Without 
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prejudice to the plant the alternation may be pretermitted for 
many successive generations, as is the case with Penidllium. 
In any case, indeed, the number of asexual generations is much 
greater than the number of sexual ones. 

Such an alternation of sexual with asexual generations is not 
peculiar to the fungi ; it occurs in a much more definite manner 
among higherplants. No peculiar polymorphism is exhibited by 
the fungi. The idea of polymorphism has arisen from the fact 
that thi asexual mode of reproduction is very common among 
fungi, while the sporangiophores or conidia-beaiing organs assumi 
very various forms. Moreover in all of the fungi there is more 
than one mode of asexual reproduction. The statement of various 
authors (like Hallier) — to the effect that fungi possess a special 
and pecuUar habit of polymorphism or ' pleomorphism '—rests 
mainly on error. They have either failed to cultivate 'purely' 
the plants studied, or they have been ignorant of the diverse modes 
in which they may be props^ted. 

The account just ^ven by no means exhausts the various modes of sexual 
and asexual reproduction among the fiingi. We have, for example, said nothing 
of the formation of oospores. Here a female cell or oosphere developes in an 
oogonium^ and is fructified by a male cell or spermcUozoid developed in an 
antheridium. From this is bred a plant like the parent plant, or else a 
multitude of germs which go to produce a new generation. For such details 
and others we must refer the student to Sachs' Text-book of Botany, or to 
Brepeld's papers above cited. All we have here attempted is — ^to give such 
an accoimt as would make clear the general modes of growth and reproduc- 
tion of the mould-fungi, and enable the student to understand the allusions to 
them that are constantly occurring in articles on the fungous parasites of man. 

219. The form and texture of the mycelium and the mode of 
multiplication depend greatly on the nature of the nutrient 
substratum. Thus the filaments of Oidium lactis may be short or 
long, thin or thick, according to the projjortion of sugar present 
and the reaction of the solution. If there is a dearth of nutriment, 
the formation of conidia is generally favoured. The bee access of 
oxygen is also of import. According to Brefeld sexual reproduction 
can be induced in Penidllium if the access of air and light is 
prevented after the mycelium is formed. 

If spores of Mucor be sown in a saccharine liquid with access of 
air, the mycelium developed on the surface is made up of branched 
non-septate hyphae, and the liquid absorbs oxygen (Rebss, Botan. 
Untersuch, iiber Alkoholgahrungspilise 1870; and Frrz, Ber. d. 
deutsch, chem. Oesell. Berlin 1873). If the mycelium be immersed, 
or oxygen withdrawn, the hyphae develope septa and break up 
into longer and shorter segments ; these then multiply by budding 
like the yeast-plant, and form a kind of large-celled yeasty scum. 
This yeast has the power of decomposing sugar into alconol and 
carbonic acid, but the fermentation ceases when a small proportion 
of alcohol is formed. The same is true of Mticor rdcemo^us, but 
not of Penidllium glaucum. 
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If the composition of the nutrient substratum be gradually 
altered, the fungi may be got to grow on substances -which they 
do not usually aflfect. Thus Eurotium and Penidllium. may be 
transplanted from bread to solution of peptone, and can ultimatJ?ly 
be iiia(ie to grow on the surface of blood (Grawitz). 

The limits of temperature, \vithin which the mould-fungi can 
flourish, vary with the different forms. Some species of Aspergillus 
{A. jlavescens, fumigatus, nigrescens) and some of Mucor grow very 
well at temperatures between 35° and 40° C ; while A . glaiicns and 
Penidllium only thrive below 34" C. The spores bear high degrees 
of heat: to kilt them outright they must be kept at a temperature 
of 110° C to 11.5°C for an hour. 

References :—Gbohb, Beri. ilin. WocA. 1, 1871; LSfFLER, Mitth. a. d. i. 
GesiiiuiL Berlin 1881 ; Qrawitk, Virch. Arch. voL 61 ; Lichtheim, Ba^. ttin. 
Woch. 9, 1882; Leber, Orm't Arch, xxv, and Berl. Hin. Woch. 19, 1882; 
DocLAUS, Fermmtt et Maladies Paris 1882 ; Koch, Berl. llin. WacL 52, 1881 ; 
Kaufmanu, Lyon in^dicaU 1882. 

220. The action of the mould-fungi on the nutrient soil on 

which they grow is slow, and limited in extent. Thus the mouldy 
covering which forma on preserved fruit extends only to a slight 
depth below the surface. Mouldy articles of food acquire a peculiar 
unpleasant 'musty' taste. If the mycelium of a fungus gains 
access to an apple, for instance, the apple becomes rotten ; t. e. a 
process of change and decay set-s in, accompanied by purely 
chemical decompositions. Timber in which mould-fungi develope 
becomes soft and brittle and breaks down into a dry ' mouldering ' 
dust. Fungi which are specifically distinct may give rise to similar 
or identical decompositions in articles of food, timber, &c. The 
mycelium of Merulius lacrimans (dry-rot) destroys the wood-work 
of houses. 

Moulds may likewise attack living plants, i. e, they may thrust 
their mycelia into living vegetable tissue. The changes they 
occasion are various. Sometimes they seem to exert no disturbing 
influence on the normal development of the tissue. In others 
they induce abnormal growths. The so-called ' witches' brooms ' of 
the silver fir are produced by the settlement in the tree of the 
Aecidium elatinuTJi. Often the cell-contents become altered : thus 
starch and cellulose may be converted into turpentine. Hartio 
thinks the moulds may also act as organised ferments. 

Not infrequently the fungi destroy altogether the plants they 
attack. Thus the Oidium Fitckeri (vine-mildew) seizes on the 
green parts of the vine, and destroys it. If the spores of 
Peronospora infestana reach the tubers of the potato-plant, they 
drive their germinal hyphae into their substance, form a mycelium 
there, and so ruin the potato (De Bart) : this constitutes the 
' potato-disease.' The ' leaf-rust ' which destroys fruit-trees is like- 
wise due to a fungus {Roestelia ccmcellata). 
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Beferences : — Sachs, Tejpt-book of Botany 1882; De Bart, Die gegenwdrtig 
hurrschende KartofMrankheit Leipzig 1861, Joum. of Botany 1876, Botan. 
Zeituna 1881 ; Habtig, Ueher die durck PUze hedingten Pflanzenkrankheiten 
Munich 1881. 

221. Pathological Blgnlflcance. The mould-fungi do not 
act as producers of disease to anything like the same extent as the 
bacteria. The fact that they require abundance of oxygen and 
flourish best at temperatures below that of the body hinders their 
development within it. Moreover their growth and reproduction 
are much slower than in the case of the bacteria, and this also is a 
hindrance to the invasion of living tissues by them. Lastly, they 
do not usually find in living tissues their proper nutriment. At 
the same time the products of the decompositions set up by them 
are by no means so poisonous as those which result from the 
development of bacteria. For these reasons the effect of mould- 
fungi or their germs on the system is either nil, or very limited. 

Multitudes of funffus-germs are received into tne accessible 
cavities of the body with the air, water, and food. Most of these 
germs fail of development and perish, or are removed firom the 
body. It is only now and then that they produce hyphae, and 
that only when they reach spots accessible to the air and containing 
necrotic tissues or other like matters. Such spots are the mouth, 
nostrils, and pharynx, and the external auditory meatus, the 
cornea, trachea, bronchi, and lungs. In the 'fur' of the tongue of 
patients whose mouths are not kept clean we often find not only 
bacteria but also the spores and hyphae of various filamentous 
fungL In cases of broncniectasis, vomicae, and pulmonary gangrene 
various forms of mycelial growths, such as Mucor, Eurottum, and 
Aspergillus, have been frequently described. They produce 
hyphae and conidia, and (rarely) the more complex conidiophores. 

These fungi are not however to be regarded as the specific 
causes of the diseases in question. They are merely secondary 
growths developing on the dead tissues produced by antecedent 
morbid processes. They have merely sprung up on a soil which 
they found already prepared. They are not parasites, they are 
merely saprophytes. But their development in the necrotic 
matters, and the further decay they set up, may nevertheless tend 
to excite inflammatory action in thi neighbouring tissues. 

The fungi found occasionally in the stomach are in like manner 
to be regarded as secondary formations. They are not causally 
connected with the disease which they accompany. They are 
sometimes observed in cases where the gastric fiinctions are gravely 
impaiJred, as in carcinoma and in dilatation of the stomach. The 
form of vegetative OTowth then met with is not the ordinary one : 
the fungi multiply by subdivision into short cells resembling those 
of the yeast-plant. This phenomenon we have already seen 
exemplified in the case of Mucor when grown under the sufface of 
the nutrient liquid. 
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On myooses (or fungus-affections) of the lungs see Virohow, VMl Arch, 
ToL 9 ; EttCHENMElSTER, Die in dem und an dem K&rper des Menachen vorkom- 
menden Paranlen; Friedreich, FtreA. ArcK voL 10 ; Paoenstecher, Virch, 
Arch, voL 11; Cohnheim, Virch, Arch, vol. 33; Fvrbringer, Virch, Arch, 
voL 66 ; LiCHTHEiM, Berl. klin, Woch, 9, 1882 ; Bollinger, Zur Aetiol. d. Infect, 
Munich 1881 ; Kitt, Deutsche Zeitdch./, Thiermed, vn. 

The Aspergillus which is found in the lungs is according to Lichtheih the 
A. iumigatus. It was formerly believed that A, qlaucus occurred within the 
body. This cannot be the case however, for the body-temperature is too 
high. A, glaucus forms rounded oonidia-spores 12 — 13 micromnL in diameter, 
with a thick warty yellowish envelope. Those of A, funUgatua are only 3 — 4 
micromm. across, and are smooth, invasions of the AspergUlus are very often 
observed in birds. 

In the external meatus and middle ear the following are found — Aspergillus 
fumigcUus, nigricans, flatfescens, and Trichothedum roseum. They exdte in- 
flammation. The instillation of oil favours their development (Bezold, (Tdter 
Otomycosisy 2Sur Aetiol, d. Infect. Munich 1881). 

Aspergillus may grow on the injured surface of the oomea and lead to 
suppurative inflammation. Leber (GMfe^s Arch, xxv) has cultivated it on the 
cornea and in the anterior chamber of rabbits. Aspergillus also occurs in the 
pelvis of the kidney. 

222. Filamentous &ngi are the exciting causes of certain 
skin-diseases. In Favus, Tinea tonsurans, Tinea versicolor, Tinea 
sycosis, and Onychomycosis deposits of hyphae and conidia are 
found in the epithelial layers of the skin. 

In Favus, for example, the root and root-sheath of the affected 
hair (Fig. 84 a b) are beset with jointed filaments and spores. 
The other parts of the hair and skin are also interpenetrated with 
filaments and spores, and these tend to separate the constituent 
epidermoid cells by loosening their cementing substance. Inflam- 
mation is set up and scales and crusts are formed on the surface. 
Gbawitz asserts that the hyphae and conidia, which are met with 
in the above-named mycoses of the skin, all belong to the same 
species of fungus, which is identical with the Otdiwm lactis; the 
differences observed in the various diseases being simply due to 
differences in the nutrient substratum. Most authors however 
maintain that they belong to different species. The fungus of 
Favus is called Achorion Schonleinii, that of Tinea tonsurans (or 
ringworm) is Trichophyton tonsurans, and that of Tinea or Pityriasis 
versicolor is Microsporon furfur. 

Most of the parasitic filamentous fungi infesting man seldom 
penetrate beyond the superficial layers of the tissues affected. 
They can only do so under special and uncommon conditions, as in 
deep wounds. Some few, like Aspergillus Jumigatus and flavescens, 
can germinate and throw out filaments mto the blood, if they 
succeed in entering the vessels ; but they do not multiply. As 
they grow they excite inflammation and necrotic changes. Only two 
fungi referrea to this class are known to multiply in the substance 
of the tissues, and they cause wide-spread and highly destructive 
inflammations. One of these is the so-called Actinomyces or * ray- 
fungus' which causes the disease known as Actinomycosis (Arts. 
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184 — 135). Its botuiic&l position is not yet determined ; if it is a 
mycelial fiingos at all, it differs in many respects &om its congeners. 
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Some pathologists go so far as to question whether it is a vegetable. 
The other is the Chionyphe Carteri, which is found in tissues 
affected with the Indian disease known as ' madura-foot ' or 
Mycetoma. Ita mycelium penetrates the skin and subcutaneous' 
tissue, and suppuiation and ulceration are set up 



318 PAHASITES. [sect. VII. 

The earliest observation of filamentous fiingi in the deeper organa was 
made by Zenker {Jahretb. d. QetdLf, Natur- und HeUL Dresden 1861 — 2). 
He found them in cerebral abscesses. 

Grohe {Bed. Hin. Woch. 1, 1870) and Block {Ueber PUzbOdurta in thier, 
Oeweb, In. Diss. Stettin 1871) made the first experimental researches on the 
behaviour of mould-spores introduced into the blood. They affirmed that 
the spores of AtpergvUtia glattctu and PerdciUium glaucum germinate when 
injected inte the blood, so that the tissues become penetrated with their 
filaments. Their experiments were again and again repeated, but their results 
were not confirmed until Qrawitz tw)k up the subject {Virch. Arch, vol. 81). 
He found that to obtain positive results the fimgi must first be adapted to the 
conditions of the human oody by cultivation in an incubator. Koch, Loffler, 
and LiCHTHEiM (Art. 219), however, showed that this is not always necessary, 
for the conidia of various moulds, such as Asp. fu/migatus^ A. flavesoen^^ and 
several of the Mticorini, have the power of developing within the body. Ex- 
periments made with a view to acclimatise other varieties to the conditions of 
the body were unsuccessful Grawitz'b results are vitiated by the &ct that 
his cultures were probably < impure'. 

On Madura-foot see Vandtkb Carter, On Mycetoma London 1874, and 
Lewis and Cunningham, The JFhmgtu-Dwaee of India Calcutta 1875, and 
Quain's Diet, of Med. 1882. 

The affections induced by the mould-fungi have a totally different signifi- 
cance from those induced by the bacteria. No transmissible infective disease 
has ;^et been produced by the former class of organisms, for they do not 
multiply withm the body. In all the experiments referred te what was 
obtained was at most the germination of comdia — never their fructification. 

Among invertebrate animals diseases due te mycelial fungi are by no 
means rare. Bottytis hasdana sete up the so-called muscardine-disease in 
silkworms. CordycepB mUitaris destroys the noxious pine-spider {Gastropacka 
pini). Tarichium megaspermum, a black fim^^us, is fatal te the noxious cater- 
pillar Agrotis segetum. The genus JEmtmsa is well-known : one of ite species 
(jE. radvcans) attacks the caterpillar of the white cabbage-butterfly, another 
\E, miucae) the ordinary house-fly. These are often found completely beset 
and permeated with mycelial filaments. 

The Blastomycetes or Yeasts. 

223. The yeast-fungi consist of round or ovoid cells of various 
sizes (Fig. 85). The cell-protoplasm is granular, and often 
vacuolated. It is contained within a cell-walL 

Multiplication takes place by gemmation and 
abstriction. An outgrowth springs from some 
point of the surface of the parent-cell; this 
grows till it is about the size of the parent, 
and then it is abstricted. In some conditions 
(CiENKOWSKY, Grawitz) the cells grow out into ^ 
filaments, but these do not becpme jointed or . /^ ^^^ g. 
subdivided. If jointed threads seem to be formed, saccharomtcbs 
it is by a process of gemmation, like that which cEREvmAE{x4XiO) 
produces the rounder cells. Dilution of the 
nutrient liquid favours the development of filaments ; abundance 
of sugar favours the development of spherical cells. Beess asserts 
that new cells may also be formed endogenously, by means of so- 
called brood-cells. ; 

The organism which sets up alcoholic fermentation is a yeast- 
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fungus (Tonda). When it multiplies in a liquid containing sugar, 
alcohol and carbonic acid are generated. It has therefore been 
described as Saccharomyces. The scum which forms on the 
surface of alcoholic liquors and leads to their transformation into 
vinegar also contains a yeast-fungus: it is distinguished as 
Mycoderma vini or * mother of vine^far.' NaegeLi maintains that 
Torula and Mycoderma are not distmct species. 

Sachs classes the yeasts with the bacteria as Protophyta, Brefeld regards 
them as probably mere low forms of the moulds or filamentous fungi. Cien- 
kowskt's paper on Mycoderina is in the Melanges hiologique8,,,de Vacad, de 
St P^tenbourff vol. vin ; GRAwrrz's in Virch, Arc/i, vol. 70. On Saccharomyces 
and alcoholic fermentation see Reess, Bot. Untersuch. iib. d. AlkokolgUhrun^i' 
pilze Leipzig 1870 ; Pasteur, Op» cit, (Art. 191), Studies on FermerUatton 
London 1879 ; Mater, Lehrbuch d. Odhrungscherrde 1876 ; Schutzenberger, 
Fermentation London 1876 ; Brefeld, Phys, med. OeseUsch, zu Wiirzbur^ v, 
1873; HiLLER, Die Lehre von der FUtUniss Berlin 1879. On the various 
theories of fermentation see Art. 191. 

Yeast-cells not only set up fermentation directly, but they yield an 
unoi^ganised ferment wmch changes cane-sugar into grape-sugar. 

224. The yeast-funs^ have but little pathological importance. 
They have no power of mvading living tissue, and therefore they 
are only to be found in parts that are accessible from without. 
Even there it is only under specially favourable conditions that 
they are able to grow freely. There is usually no great supply 
of fermentable saccharine matter available for them. It is in 
the stomach that they are oftenest foimd, and there they may set 
up fermentation ; the presence of the gastric acids does not check 
their development. If fermenting 'wort' or 'must' be drunk, 
the fermentation goes on in the stomach. 

According to Grawitz the white patches known as 'thrush' 
(or aphthae) which form in the mouth, pharynx, and oesophagus of 
weakly children and debilitated patients are due to the presence of 
Mycoderma vini. The mycelial filaments and spores found in these 
patches have usually been regarded as belonging to an Oidium 
distinguished as 0. albicans. Grawttz has shown that on cultiva- 
tion tke filaments gemmate like Torula and Mycoderma, He 
has further proved experimentally that the latter can be grown 
in the epithelium of the mucous membrane. The subepithelial 
fibrous tissue is not usually invaded, and then only when by 
antecedent changes, constitutional or other, the resisting power of 
the tissues has been considerably diminished. 



CHAPTER XXXII. 

ANIMAL PARASITES. 

Arthropoda. 

225. Araohnlda. The arachnoid parasites are mostly ecto 
zoa : they inhabit the skin for a shorter or longer time. Only a 
single species Pentastoma is fouud (in the larval form) within the 
substance of the deeper tissues. 




Fid. 66. Fiiuu aca 

{From BEBRA-S AtloM of Skin-DUeiue* : x 200) 
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(1) Acarua scMei {Sarcopteis kominis), or itch-insect. This 
mite is about the size of & small pin-head, and somewhat turtle- 
shaped. It has four pairs of legs springing from the ventral 
surface, each being furnished with bristly hairs (Fig. 86). The 
anterior pairs are prolonged into stalked suckers, as are also the 
posterior pairs in the male. The foremost of the two posterior 
pairs in the male and both posterior pairs in the female end in a 
long bristle. The border of the body behind is likewise furnished 
with bristles, and the dorsal surface is beset with tooth-like hooks and 
spines. The head is blunt and rounded, and beset with bristles. 
The female is about twice the size of the male. 

The mite lodges in the epidermal layer of the skin, in which it 
excavates burrows or cuniadi that may run to 10mm, in length. 
In these burrows the female lays her eg^. From the eggs the young 
acari are hatched in loco : they proceed to burrow fiirther into the 
epidermis, and after changing their skin several times become 
sexually mature. The irritation caused by their pre- 
sence produces inflammation of the skin. This again 
is greatly intensified by the scratching induced by 
the intolerable itching of the affected parts. 

(2) Leptus antumnalis, or harvest-mite. This 
likewise infests the epidermis. It is red in colour, 
and thus is readily seen in spite of its smallness. 
It gives rise to the formation of papules and wheals. 
Two allied American species are the Leptus Ameri- 
canus and L. irritans. 

(3) Acarua (Demodex) foUiculorum (Fig. 87). 
A third mite, which is found solitary or in small 
numbers in the sebaceous matter of the follicles in 
perfectly healthy skin. It is about 0'2 mm, long, 
and bears four pairs of short stumpy feet on the 
thorax. The h^d bears a proboscis and a pair of 
short antennae. It has no pathological significance. 

(4) Ixodes ricinus {kominis), or wood-tick, is 
also an occasional parasite of the skin. It buries 
its proboscis in the tissues and sucks its fill of ^ciuve' KiiAca- 
blood. It belongs to the Acarinu, as do also the lohdh. (from 
American /, unipunctata and /. bovis. perls: kSOO) 

(5) Petiiastoma denticvlatum (Fig- 88). This is an arachnoid, 
which in its larval state lodges in the internal organs. Its body is 
4 — 5 mm, long, I'Smm, broad, squat and rounded, and possessing 
some ninety annular segments which are beset with spines at their 
margins. 

The mouth is surrounded by four large hooks in cbitinous 
sheaths. The larva chiefly inhabits the liver, more rarely the 
spleen, intestine, luug, or kidney. When looked for pos( mortem the 
H. 21 
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animal has generally been dead for some time : it then appears as 
a nodule as oig as a pea made up of a mortar-like chalky mass with 
a fibrous capsule. The mass often conttuns hookletfi, but seldom 
the whole animal. 



Fla. 88. HEiD-EHB or pentaBTOMA DESIICULATVM. 
[From PERIS: x 40) 

According to Leuceabt, Pentostoma denticulatum is the 
larvB of Pentostoma taenwides, a lanceolate arachnoid inhabiting 
the frontal sinuses of various animals, chiefly the dog. The female 
is 60 — So mm. long, the male 16 — 18 mm.; the breadth of each is 
about 3 mm. The mature animal resembles the larva, but it has 
no hooklets. 

Pentattoma corutrictum has also been met with as a larva iu the liver and 
in the lunge (von Siebold ; Aitkek, Science and Pract. ofMedicitu 1882}. 

226. Ituecta. The parasites belonging to this class are 
nearly all epizoa. Some settle on the skm for a brief time only, 
in order to extract nutriment from it : others are stationary and 
make use of the epidermal structures for the deposit of their eggs. 
Of the many insects which alHict man we need name only the 
following, 

(1) Pedicuius capitis, or head-louse. This inhabits the haiiy 
scalp, and extracts from it by means of its proboscis the blood on 
which it feeds. It fastens its e^s to the hairs by means of a 
chitinous covering. The 'nits' are easily seen as small greyish 
oval bodies, tightly affixed to the hair, llie young louse emet^es 
in about eight days, or less. The irritation induces scratching, 
which may set up somewhat severe inflammation or eczema. 

(2) Pedicuius puMs, or crab-louse, inhabits the hairy parts of 
the body and extremities, more especially about the genitals. Its 
mode of life is much like that of the head-louse, but it is smaller, 
and often more diflScult to detect. 

(3) Pedicuius vestimentorwm, or body-louse, infests the under- 
clothing, and lays its eggs there. It passes to the surface of the 
body merely in order to feed. It is somewhat larger than P. 
capitis. 
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(4) Cimex lectuarius, or bed-bug, infests bedding, bedsteads, 
old floors and walls, cupboards, &c. and betakes itself to its human 
victim at night in order to suck blood from him. It produces 
wheals on the skin. 

(5) Pulex irritanSj or common flea, also draws blood from the 
skin. At the point attacked is found a small punctiform haemor- 
rhage surrounded by a reddened areola. More marked swellings or 
wheals are sometimes formed. The eggs are laid in the crevices 
and cracks of flooring-boards, in saw-dust, &c. 

(6) Pulex penetrans, or sand-flea, (chigoe or chigger) is found 
in the sands of South Africa. The female buries itself and lays its 
eggs beneath the skin, and so produces intense inflammation. 

(7) Cvlicida and Tipvlida (midges and mosquitoes), Tahanida 
(gad-flies), and Stomoxys caldtram also take blood from the skin 
and excite transient exudative inflammations. Some flies {Oestrida) 
lay their eggs occasionally in accessible body-cavities or in wounds. 
This occurs oftener among the lower animals than amone^ men. 
Oestrus hominis (a doubtful species) lays its eggs beneath the human 
skin, and the larvae (maggots or bots) set up violent inflammation. 
Haematopota pluvialis is the Scotch 'clegg': it attacks men and 
beasts indifferently. 

The above account has been chiefly taken from Leuckart, Die menschlichen 
Parcuiten Leipzig 1863 — 76, and 2nd Ed. vol. i, 1879 — 81 ; Heller, Ziemssen^i 
Cydopaedia vols, iii, vii \ Klebs, H, d. path. Anat. ; Perls, Lehrb. d. allg, 
raih, n Stuttgart 1879. Other comprenensive works are — KticHENMEiSTER 
and ZOrk, Die Parcuiten d. Memchen Leip2dg 1882 ; Davaine, TraiU des 
EiUozocures Pans 1877 ; MttLLER, Statistii a: mensMuJien Parcuiten Erlangen 
1874 ; Stein, Die paraeitUren Krankheiten d. Menschen voL i Lahr 1882 ; 
Perroncito, Parasiti d. uomo e d. ammali utUi Milan 1882; Cobbold, 
Parasitee London 1879. 

Scolecidu, or Worms. 

227. Nematoda. The parasitic round-worms and thread- 
worms are all neinatoids. They have slender cylindrical elongated 
(sometimes filiform) bodies, without segments or appendages. The 
cuticle is thick and elastic. The mouth is placed at the anterior 
extremity, and is provided with soft or homy Ups according to the 
species. The intestine is straight and, with the pharyngeal and 
gastric portions, extends from end to end of the body-cavity, 
terminatmg on the ventral surface just in firont of the acuminate 
tail. The genital organs and their orifices are on the ventral 
side. The female genital orifice is usually placed at about the 
middle-point of the length ; more rarely it is anterior or posterior 
to this. The male orifice coincides with that of the anus : it is 
provided with a chitinous investment, which serves also as a 
prehensile organ during copulation. The males are usually smaller 
than the females. Development is direct, and the metamorphic 
variations slight. The nematoids parasitic on man are some of 
them harmless inhabitants of the intestine, while others are highly 
dangerous when they invade the deeper organs. 

21—2 
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228. Ascaris lumbricoidea, the common round-worm or maw- 
worm (Fig. 89, p. 325), is a cylindrical worm with pointed ends: it is 
light brown or red in colour. The female {A) is 25 — 40 cm. long ; 
the nude (B) is considerably smaller, and its tail-end is bent into 
a hook provided with two spicula (c) or chitinous spines. The 
mouth is surrounded by three muscular lips bearing very delicate 
teeth. The female genital orifice (a) is anterior to the middle of 
the length. The eggs, which the female bears in enormous numbers, 
have when mature a double shell (Fig. 90) surrounded by an 
albuminous coating. It is about 50 — 60micronmL in diameter. 
The worm is found in all parts of the alimentary canal, but chiefly 
in the small intestine. When the females are mature great 
numbers of eggs are shed and are found in the faeces They are 
very tenacious of life, and are not killed by drying or freezing. 
The life-history of the worm is not AiUy known. It is possible 
that the eggs after ejection from the intestine require to pass 
through the body of an intermediate host before they can take up 
their abode in another human body. Their presence in the 
intestine does not usually give rise to any serious trouble. Only 
when they are very numerous do they cause intestinal catarrh, 
vomiting, and nervous irritation, chiefly in children. At times 
they pass through normal or morbid openings in the intestinal 
wall, and give rise to more serious disturbances. Thus an ascaris 
in the common bile-duct may obstruct the outflow of bile and so 
induce jaundice. Or if it pass through an ulcerated opening into 
a hernial sac, or into the peritoneal cavity, it may excite inflamma- 
tion in the corresponding tissues. According to Leucel^lkt it may 
even penetrate the wall of the intestine where there is no pre-exist- 
ing wound. It is often voided per anum, and occasionally per os 
during vomiting. 

Aacaris nufstax, or round-worm of the cat, is a very rare inhabitant of the 
human intestine. It is considerably smaller than tne common round-worm 
(CoBBOLD, Entozoa, 1864 — 69). 

229. Oxyuria vermicularis, 
the thread-worm, seat-worm, or 
maggot-worm (Fig. 91), is a 
small round-worm. The female 
(A) is 10 mm. long, and acumi- 
nate at the tail : the male (B) 
is i mm. long and blunt at the 
tail, which is furnished with a 
single spiculum at the anus. 

The eggs ((7), often seen in 
great multitudes within the body 
of the female, are 50 micromm. „ 
long and 24 micromm. broad. .^ 

One side is flat and the other , #^^„i« „„j d'Li ^^^*^Li is * u 

, -, »ii 1 11 • 1 ^ female and B male, magnified fivefold 

rounded, ihe shell is covered C egg magnified 350-fold 
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with a thin albuminous coating. The thread-worm inhabits the 
upper part of the colon and lower part of the ileum. According 
to Zenker and Heller the mature egg-bearing females affect 
the colon and caecum, the younger ones and the males affect 
the ileum. They are of very common occurrence and are often 
found in vast numbers. They are apt to migrate from the 
rectum into neighbouring parts, and may so enter the vagina. 
The irritation they cause induces violent scratching, and this 
E^ain brings about inflammation of the skin and other msi^reeable 
conseouencea. 

Wnen the eggs have been ejected from the body with the 
faeces, th^ must Be taken up into the stomach of an animal before 
they c&a develope. It is not improbable that the individual host 
may re-infect himself; for eggs may stick under his finger-naila 
after he has been scratching himself, and may thus be inadvertently 
carried to the month. 

The eggs are not destroyed by being dried, and in this condition 
they may be carried from place to place. 

230. Trickocepkalus dispar, or whip-worm (Fig. 92), is a 
common but innocuous parasite inhabiting the caecum and 
neighbouring parts of the mtestine. Davaine says that half the 
inhabitants of Paris are infested with it. Both male and female 
are 4 — 5 cm. long. The anterior part of the body is very fine and 
thread-like. The posterior part, which contains the genital organs. 






mKiiovEFiiAivs DISPAK. A Dwle B female 
(fVom ISUCKABT: lomrichat magnijied: the male it anchored in the nmeow 
membrane by meant of hii lehip-like anterior part) 
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is much thicker; in the female (B) it is straight and cylindrical, 
in the male (A) it is rolled into a flat spiral and furnished with a 
spiculum. 

The eggs (Fig. 93) are prolate spheroids, 50 micromm. in length. 
They have a thick brown shell, with a peg-shaped glassy-looHng 
projection at each pole. 

The first stage of development is passed in water or moist 
earth. It is very protracted, lasting even in the warm season for 
four or five months; and in cold weather for a longer time still. 
The eggs resist cold and drying extremely well. 

231. Anchylostoma or Sclerostoma duodencUe {Dochmius or 
Strongylus duodenalis) is a small worm infesting the upper part of 
the small intestine. The female is cylindrical and 6 — 18 mm. 
long, the male 6 — 10 mm. 

The head-end (Fig. 94) is bent towards the dorsal surfSace and 
is furnished with a bulging oral capsule. This is cleft almost 
throughout on the dorsal surface, the cleft being covered by two 
chitinous lamellae. On the ventral lip are four curved teeth, 
on the dprsal lip are two straight ones. These are all held 
together by chitinous clasp-like structures. Beneath the dorsal 
cleft a conical projection rises fix>m the interior of the capsule. 

The male at its posterior end has a three-lobed bursa, and two 
thin spicula looking like slender fish-bones. The posterior part of 
the female becomes gradually thinner and ends in an awl-shaped 
spine. The vulva lies behind the middle point. The oval eggs 
are 44 — 67 micromm. long and 23 — 40 broad. They pass through 
their first developmental stages in the human intestine; in tne 
next stages they inhabit dirty or muddy waters; thence they 
again obtain access to the alimentary tract, and there grow to 
maturity. Their presence in the small intestine is not fi:ee from 
danger. The worm gnaws into the mucous membrane with its 
teetn until it reaches the submucous coat, and thence it sucks its 
fill of blood. The point attacked is recognisable as a small 
ecchymosis, in the middle of which is a white spot with a central 
punctate aperture. This aperture has contained the head. 
Occasionally small blood-filled cavities are found in the mucous 
membrane, each containincf a coiled-up worm. When present in 
number these parasites give rise to serious haemorrhages, which 
produce intense anaemia in the patient (the Egyptian chlorosis). 
The parasite is common in the tropics. According to Griesinger 
and BiLHARZ a great proportion (something like 25 per cent.) of 
the natives of Egypt suflFer fi-om it. Wucherer says it is also 
common in Brazil. McConnell has met with it in India (Lancet 
1, 1882). Within the last few years it has been very firequently 
observed among the workmen engaged in the St. Qothard tunpel 

References to Anchylostoma ; — Grissinoer, Arch. f. phys, HeUk, 1854; 
WucHEREB, Arch, /. khn, Med, xil, 1872 ; Bilharz, Zeitsch, f, wiss, ZooL TV ; 
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Leuckabt, op, cit. ; Grassi and Parona, Annali 
univ, dimed. 1878 ; BozzoLO and Pagliani, Oiom, 
d. Soc. ital. gT igiene ii, Milan 1880 ; Sondereoqer, 
Corresp. f, gchtpeiz. Aerzte 1880 ; BuGNiON, Anch^' 
lostome duodenal et an^mie du St-Gothard, Rev. 
TnSd, de la Suisse ram. i, 1881 ; Perroncito, Arch, 
p, I, scien, med. v, Turin 1881 ; Long, Trans. Int, 
Med, CoKigress i, 1881 ; M^gnin, Soc. de Bxoloffie 
March 1882 ; Cobbold, Human Parasites 1882, 
Art. Sderostomu, Quain's Did. of Med. 1882. 

Among the rarer nematoid parasites are the 
following. Eustrongvlus aigas or palisade-worm ; 
the female attains a length of 1 metre, the male of 
35 cm. ; the colour is blood-red. It has been found 
a few times in the pelvis of the human kidney ; 
but it is commoner in the seal, marten, wolf, and 
dog. The immature worms dwell chiefly in fresh- 
water fishes. Strongylus longetHzginatus {bronchi- 
alis)f a thread-like worm 26 mm. long. It has 
once been found in the lung of a boy. Anguillula 
(Rhabditis) stercoralis, a minute round-worm 1 mm. 
long, indigenous in (Jochin-China. It infests the 
entire alimentary tract, bile-ducts, and pancreatic 
duct, and gives rise to chronic diarrhoea. Per- 
roncito {loc cit, and Micr, Soc. Joum, 1882) 
found it in the tunnel-workmen at St. Oothard. 
See Perls, AUg. Path, u ; Davaine, Traits des 
Entozoaires 1877 ; Liebermann, Dysenterie chro- 
niqu£ de Cochin-chine, Oaz. des H6p, 1877 ; NoR- 
MAND, Arch, de M4d. Navale, 1877. 

232. Trichina spiralis, or flesh-worm 
of pork, appears in two forms according 
as it inhabits the intestine or the muscles. 
The intestinal form (Fig. 95) is the sexually 
mature worm. It is a minute filiform 
creature, scarcely visible with the naked 
eye, and white in colour. The female {A) is 
3 mm. long; the male is considerably smaller. 

In both sexes the hinder part of the 
body is straight : the male {B) has on the 
dorsal side of its tail two mammillary pro- 
tuberances which are turned toward the ven- 
tral aspect and include between them four 
wart-like nodules. There is no spiculum : 
in copulation the muscular cloaca is everted 
and protruded. 

fhe alimentary canal begins with a 
muscular pharynx which widens as it passes 
into the oesophagus. This latter is sur- 
rounded throughout its length with a series 
of large cellular masses. The stomach passes 
without notable change of structure into 
the intestine. In the male this terminates. 



B. 



A. 

Fio. 95. 
Matubb trichinae. 

{From LEUCKART: 

magnified) 

A female B male 



CHAP. XXXn.] TRICHINA. 329 

with the seminal ducts, in the cloaca. The testis consists of a 
tube which commences caecally at the tail-end, extends forward to 
the cellular bodies round the oesophagus, and then bends baek to 
be joined by the seminal ducts. The genital oi^ans of the female 
{A) consist of a simple ovary, uterus, and vagina: the latter opens 
at a quarter of the whole length irom the head-end. The ovary, 
like the testis, is a tube commencing posteriorly and passing 
forwards to join the tubular uterus. 

The eggs develope into embryos in the uterus, and these are 
bom in the free state. 

The trichina of muscle {Fig. 96) is a small worm 07 to I'O mm, 
in length : it inhabits the fle^y muscles. It is usually coiled up 
into a spiral and lies m a fibrous capsule or cyst which sometimes 
also contains calcareous matter A finely granular substance 
surrounds the coils of the worm One capsule may enclose two to 
five trichinae 




Pro. 96 Tbighihu x 

magnified) 

233. The following is the life history of the tnchma. When 
a piece of muscle contaming live encysted tnchmae reaches the 
stomach of a host human or other the capsule is dissolved and the 
trichinae set free They come to maturity m the intestine in 
about 2i days ; when they proceed to pair. The birth of embryos 
b«^;ins on the 7th day and continues for some time, it may be for 
weeks. A single worm may bring forth 1000 to 1300 young. 
These then migrate from the intestine in search of striated 
muscle. They do so in various ways. Most of them seem to pass 
directly through the wall of the intestine, the peritoneal cavity, 
and the subperitoneal connective tissues. Otheis gain access to 
the lymph and blood, and are thus conveyed to remote organs. 
Once in the muscle they penetrate the primitive bundles, reduce 
the contents to mere detritus, and in 14 oa^ or so become mature 
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muficle-trichinae. At first they are only enclosed by the evacuated 
sarcolemma. Afterwards a cyst is formed, consisting partly of a 
chitinous secretion of the aninial, partly of hyperplastic fibrous 
tissue. 

The intestinal trichinae live but a short time (5 to 8 weeks). 
The muscle-trichinae on the other hand may live for a very long 
time, perhaps indeed for a time limited only by the death of their 
host. After a while calcareous salts are generally deposited within 
the cyst; this gives the cyst a lustrous white appearance by 
reflected light, and a dark or turbid appearance by transmitted 
light. If toT any reason the trichina dies, the contents of the 
capsule become calcified. 

Trichinae are met with in man, in the pig, cat, rat, mouse, 
hamster, pole-cat, fox, marten, badger, hedgehog, and racoon. By 
feeding on trichinous flesh, muscle-trichinae may be acquired by 
rabbits, guinea-pigs, sheep, dogs, &c. Human beings are infected 
by eating uncooked pork. Trichinosis in man is attended with 
very various symptoms. Intestinal catarrh follows upon the 
introduction of the trichinous flesh into the alimentary tract. 
The invasion of the muscles is marked by swelling, oedema, partial 
paralyses, and not uncommonly fever. The symptoms are at their 
height in the fourth or fifth week. Death not unfi^uently ensues. 
The violence and gravity of the symptoms depend generally on the 
number of trichinae which have entered the muscles. 

The trichinae are found most abundantly in the diaphragm, 
intercostal, cervical, and laryngeal muscles ; they are least abundant 
in the muscles of the limbs. They are usually crowded together 
at the points of attachment of the muscle to its tendon. 

The worm was first discovered by Paget at St. Bartholomew's Hospital 
in 1834 ; see Lancet 1, 1866. Owen named and described it shortly after- 
wards. 

The literature of trichinosis is very abimdant : we can only refer to a few 
of the chief works on the subject. 

Owen, Zool, Soo. TraTU, 1835 ; Zenker, Virch. Arch. vol. 18, Arch. f. 
Bin. Med. vni ; Yirchow, Die Lehre von den Trichinen Berlin 1866 ; 
Leucrart, Die Faraeiten des Menschen; Heller, Ziemssen's CyoLofoedia 
vol. in ; CoBBOLD, Entozoa 1869 ; Glazier, Report on TricL Washmgton 
1881 ; Wendt, Chronic Affect. folUxwing Trich.^ New York Med. Rec 1879. 
For farther references see Cobbold, Human Parasites 1882. 

234'. Filaria {Drcumncvlvs) medinenais, (Fig. 97) or Quinea- 
worm, is a fine thread-like worm from 60 to 100 cm. in length. 
Only the female is known. The anterior end is rounded; the 
posterior terminates in a pointed tail curved over ventrally. The 
outer covering consists of a firm cuticle thickened at the head-end 
into a kind of shield. The intestine is narrow, and there is no 
anus. The gravid uterus occupies nearly the whole of the body- 
cavity. The embryos have no envelope ; they have a stout cuticle 
and an acuminate tail. They use as intermediate hosts certain 
small crustaceans (Cyclops) that inhabit drinking-water, and so 
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Fio. 97. Fio. 98. 

FlO. 97. FILARIA (DRACUNCULU8) MEDINEHSIS, 
{From LEUCKART: natural iize) 

Fio. 98. Embbto or filarta sanguinis hominis. {From LEWIS: xiOO) 
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they ultimately reach the human stomach. In Africa and Asia 

they are very common. They develope to maturity imder the 

skin, giving rise to cutaneous abscesses. They are most commonly 

found in the legs and feet, especially in the neighbourhood of the 

heel. 

See Leuckart, op, cit. ; Davaii^, Entozoaires &c. ; Cobbold, EnUxsoa 
1864. The Goinearworm disease has been identified with the drouxmUauu of 
Plutarch, and with the endemic disorder attributed to ' fiery serpents' in the 
book of Numbers. 

235. FilarUi sanguinis hominis (Lewis) or sanguinolefUa in its 
sexually mature form is a filiform worm 8 to 10 cm. long. 
According to Manson it inhabits the lymphatics, especially those 
of the scrotum and lower limbs. It gives rise to obstructions of 
the lymph-current and to peculiar inflammations, which end in 
elephantiasis of the tissues with oedema and lymphangiectasis. 
Suppurative inflammations, lymphatic abscesses, biiboes, chylous 
hydrocele, and chylous ascites nave all been observed as conse- 
quences of its presence. 

The embryos, which are about 0'35 mm. long (Fig. 98), pass 
from the lymphatics into the blood and induce haematuria and 
chyluria. Both conditions result from the lodgement of the 
embryos in number within the kidneys. The embryos may be 
ejected with the urine. Manson finds that they are spread by the 
agency of mosquitoes, who take up the filariae with the blood they 
suck. The filcuiae pass through an intermediate developmental 
stskse in the body of the mosquito ; thence thev pass into water, 
ana thence again into the human body. It is thus probable that 
they reach the vessels and tissues firom the intestine. 

The Filaria sanguinis appears to be indigenous only within 
the tropics (Brazil, Egjrpt, India, Quadaloupe, &c). 

See Lewis, On a haematozoon inhabiting human blood: its rdatuyii to ckyluria 
and other diseases Calcutta 1872, Lancet 2, 1877, Qitart, Joum, 2fic, ScL 1879, 
Art Chyluria, Quain*s Diet, of Med. 1882 ; Bancroft, Trans. Path. Soc. 1878; 
Manson, Lancet 1, 1878 and Trans. Path. Soc 1881 ; Cobbold, Parasites 
1879 and Human Parasites 1882 ; Joum. Quekett Micros. Club 1880 ; Barth, 
Annales de Derm, et Syph. 1881. 

Several other rare species of Filaria are known. Beferenoes to them will 
be found in the standara works of Leuckart, Davaine, and Cobbold, already 
cited. 

236. Trematoda. The flukes, or suctorial worms, are 
flattened or tongue-shaped worms. They possess suctorial pores 
by which they can adhere to surfaces, and in some cases they have 
also hook-like processes. The intestine is usually bifurcated, and 
terminates caecally. The development is direct or by alternate 
generations. In the latter case an intermediate host is necessary. 
This is usually a mollusc ; while the mature worms almost all find 
lodgement in vertebrate animals. The intermediate larval stage is 
usually preceded by a period of active locomotion. The trematode 
larvae are furnished with a propelling tail, and swim about fireely as 
cercaria. 
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237. IXsUma kepatioim, the liver-fluke (Fig. 99), is a leaf- 
shaped trematode 28 mm. long and 12 mm. broad. The head-end 
projects like a beak, and bears a small suctorial disc in which the 




orifice of the mouth is visible. Immediately behind this on the 
ventral surface is another suctorial disc The genital orifice lies 
between the two discs. 

The uterus is a convoluted tube lying behind the posterior disc. 
The ovaries lie on each side of the hinder part of the body, and 
between them lie the deeply bifurcated testes. The intestinal canal 
is also bifurcated and much branched. 

The eggs (Fig. 100) arc oval, 013 mm. long and 008 mm. 
broad. When placed in water a globular embryo is developed. 




x200) 

which swims freely by means of its ciliated envelope. The details 
of its life-history are not certainly known. The adult animal 
infests the biliary ducts : more rarely it is found in the intestine 
or in the vena cava. It is rare in man, but very common among 
the ruminants : it causes the ' rot ' in sheep. The consequences of 
its invasion, especially in great numbers, are obstruction of the 
biliary ducts, accumulation of bile, dilatation and incrustation of the 
ducts with biliary matters, inflammation around them and hyper- 
plasia of the hepatic connective tissues, with associated atrophy of 
the liver-cells. 

238. Distoma Utnceolatum is only 8 or 9 mm. long and 2 to 
2'5 mm. broad. It is lancet-shaped, and the head-end does not 
markedly project. The integument is naked. The two lobulated 
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testes lie cloBe behind the posterior diac and in trout of the ovaiy 
and uterus : the coUs of the latter are seen through the transparent 
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body walls. The more anterior coils which are Blled with eggs 
look black the remaining coils are russet-coloured. The yellow^- 
white ovanes lie about the middle of the lateral maigin 

The eggs (Fig 102) are Oi mm lone The embryo is visible 
in them before they have left the uterus but it only escapes some 




weeks after they are deposited. Its metamorphoses are unknown. 
This fluke like the other infests the biliary ducts, but it is rarely 
found in man. It is commonest in sheep and cattle, but as it is 
usually present in small numbers, it rarely gives rise to any grave 
disturbances of health. 

239. Distoma haematobium or Bilharzia kaeinatobia (Fig. 103) 
is a species of fluke in which the sexes are distinct. The oral and 
ventral discs are close to each other, and the fore- end of the body 
is slender. The sexual orifice in each sex lies just behind the 
ventral disc. The male is 1 2 — 14 mm. long. The body is flattened, 
but its posterior part is rolled laterally into a kind of tube 
or gynaecophoric canal (Fig. 103) into which the female is received. 
The female is 16 — 19 mm. long and almost cylindrical in fonu. 
The eggs are prolate (Fig. 104) and 012 mm. long. They are 
ftimished with a spine which may be either terminal or lateral. 

These worms are found in the branches and main stem of the 
portal vein, in the splenic vein, in the mesenteric veins, and in the 
vessels of the rectum and bladder. They feed on the blood, and 
infest man and the monkey. They are very common in Egypt and 
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Abyssinia, the Cape, and Natal, where they give rise to the 
disease known as 'endemic haematuria.' The cercaria abound 






Fig. 104. 

Fio. 103, 

Fig. 103. DI8T0MA haematobium MALK AMD FBHALB, THB LATTEB WITHIK 
THE GYNAECOPHOBIC CANAL OF THE FOBMEB. {FfOm LEUCKART : X 10) 

Fig. 104. Eggb of distoma haematobium. ^{From leuckart: x150) 
a with terminal spine b with lateral spine 

in canals and rivers, and gain access to the body in drinking- 
water. The embryos mature quickly and permeate the mucous 
and submucous coats of the ureters, bladder, and rectum, and 
occasionally the substance of the liver. They set up inflammation 
of the bladder and ureters, associated with ulcerations, incrusta- 
tions, and concretions. Haematuria is always produced. Cylindrical 
ciliated embryos may develope within the irLry tract. 

References : — Griesingeb, Arch. f. j>Ky%. Heilk. xiii, 1854 ; Bilharz, 
Wien. med. Woch. 4 and 5, 1856, and BrU. For. Med. Chir. Rev. 1856—58 ; 
SoNSiNO, Arch. g4n. de mSd. 1876 ; Cobbold, Parasites 1879 ; Guillemard, 
Endemic Haematuria London 1882. 

240. CertodaN The cestoids, or tape-worms, are flat com- 
pound * worms,' destitute of a mouth or alimentaiy canal. They 
multiply by gemmation from a pyriform * head ' or ' nurse.' The 
budded inmviduals or segments remain for a long time connected 
with the head, forming a jointed chain. The several members 
(proglottides) of this colony are hermaphrodite. The older segments 
increase in size as they are gradually pushed away from the place 
at which they were formed by the constant development of new 
segments. In other respects they resemble each other exactly; 
while the head is distinguished by possessing two or four suckers 
or oscula, and generally a circlet of claw-like hooks. By means of 
these the tape-worm fastens itself to the intestinal wall of its 
host, which is probably always a vertebrate. The head developes 
from a rounded embryo having four to six hooklets. These 
embryos (proscolices, hydatids) are found in the various parenchy- 
matous organs of the intermediate host ; and thence by what we 
may call passive migration they reach the intestine of their final 
host. 

The cestoids parasitic on man belong to the families of 
Taeniada and Bothriocephalida. The former infest man both as 
hydatids and as tape- worms ; the latter only as tape- worms. 
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The developmeot of the CesUxla is eihAuativel]' treated in the haadAODae 
work of Hein, Die panuitaren Kraniheiten da Jfen*c/>en 1882 ; see aim) 
Davaihe, Lea Catmda, Dial. encg. tdencet m4d. 1874 ; CoBBOLD, Taptaomu 
1874. 

241. Taenia solium when fully developed is 2 to 3 metres long. 
The head (Fig. 105 A) is the size of a small pin-head; it is 
globular and the suckers project somewhat. The vertex is not 
uncommonly pigmented and is surrounded with a pretty large 
rostellum or circlet of some 26 hooks (Fig. 105 B). The hooks are 





Fio. 105. A Hkad or tabsia boubm witb bostkij.dh PBonmiui. 
(Carmine ttaiaing ; mounted in Canada baltam : k 60) 

B ClBCLKT or BOOKS 1U0HU1BI> [LEVCIURI). 

short, broad, and appressed, with a small projection at the root 
The head is followed by a filiform neck an inch or so in length. 
At a certain distance from the head the joints begin to be traceable. 
The firet joints are very short, the more advanced ones are longer 
(Fig. 106) : they then become square, and finally the length is 
greater than the breadth. About 130 cm. beyond the head the 
mature segments begin, though the sexual organs have been 
fully developed in earlier segments. The ripe segments (Fig. 
107) are 9 — 10 mm. long and 6 — 7 mm. broad: their comers 
arc rounded oB*. The genital opening lies at the side, somewhat 
behind the middle. The ovary has seven to ten lateral branches 
separated by considerable intervals ; each branch breaks up into a 
series of dendritic ramifications. The ovary ia filled with eggs. 
The parenchyma of the body both in ripe and unripe segments 
is divisible into a peripheral and a central layer. The central 
layer contains the generative oigans and the water-vascular system. 
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The latter is aa excretoiy apparatua; it takes the form of two 
lateral canals running along tne margins of the enUre chain of 
s^menta and connected by crosa-canals at both ends of each 
segment. Fine ramiAcations pass from these into the parenchyma. 




Pw. 107. 

Fia. 106, iMUATUBK t»D IUTIIBH PBOOI/OIIIDBS, 

(J^'rom LEUCKARI: natural «>^«) 

FlO. 107. Two PBOaLOTTIDKB BHOimia TBI tTTBAnS. 
{From LEVCKART: x3) 

The male and female sexual organs lie close to each other. 
The testis is a clear or whitish convoluted tube with vesicles, 
lying in the fore-part of the segment. It passes into the vaa 
deferens, and this into a cirrua or retractile extremity, which is 
rolled up within a muscular pouch or cloaca at the middle of the 
lateral margin. The cirrus can be everted and protruded through 
the genital orifice. The opening of the female organ lies close 
behind the male opening in the same genital cloaca. From this 
the vagina passes backwards towards the hinder border of the 
segment. Before reaching the border it commuuicates with a 
copulative sac or receptacultvm semtnis, and receives the duct of 
the germ-bearing organ or true ovary. Then turning forwards it 
passes into an oviduct, into which opens the duct of the so-called 
vitelligenous organs. The entire ovigenous organ (which must be 
studied in unnpe segments) is thus made up of an unpaired 
germ-bearing portion or true ovary and a pair of yolk-bearmg or 
vitelligenous glands, all lying in the hinder part of the segment. 
The oviduct having received the ducts of these glands passes then 
into the dilated matrix or uterus, which in sexufuly mature 
segments forms a simple straight tube. The egg-germs leaving 
the true ovary become impregnated by spermatozoa from the 

---' --jeptacle, and passmg onwards are invested with yolk- 

22 
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substance from the vitelligenous glands. Being then complete ova 
they pass into the uterus, which as it gradually fills throws out the 
numerous lateral caeca characteristic of the ripe segment. As this 
happens the other generative organs gradually disappear. 

The peripheral layer is essentially muscular, but it contains a 
greater or less number of calcareous granules. These indeed are 
not entirely absent in the central layer. The muscular tissue is 
made up of non-striated fibres; in the neighbourhood of the 
sucking-discs of the head thej form peculiar bunches or groups. 
The surfsu^e of the tape- worm is covered with a transparent cuticle, 
firom which the booklets of the head are developed. 

242. The egg-germs as they leave the ovary are pale thin- walled 
spherical cells. In the oviduct they are transformed into yellowish 
globules, which become covered over with a somewhat opaque 
envelope or shell thickly beset with minute spicula (Fig. 108 a). It 
is jfrequently found to be invested by a second covering (6) made up of 
an albuminous layer with granules, and enclosed in a fine membrane 
(primitive vitelline membrane). Without this envelope the egg is 
0*03 mm. in diameter. With the second envelope the egg already 
contains the partly developed embryo, whose six booklets can be 
distinguished. Thus the embryonic development begins within the 
uterus ; the ripe segments are m fact viviparous animals. 

The further development of these 
embryos, which are now enclosed in a 
brownish envelope, does not take place 
within the body of the original host: they 
must pass into a new one. When they 
reach the stomach of a pig, the envelope 
is dissolved, and the liberated embryo 5 

bores its way into the wall of stomach Fio. 108. 

or intestine. Thence it migrates, either Eooa of taenia souum, 
by way of the vessels or directly, into {From leuckart: xSOO) 
one or other of the organs. When at " without the primitive vital. 

1 . -. xxi 'J. xi. I. • "DO membrane 

last it settles, it passes through vanous ^ ^^j^ .^ 

metamorphoses, and at the end of two or 

three months is transformed into a Yesicle filled with serum 

(Fig. 109), firom the inner surface of the wall of which springs a 

new head or scolex, enveloped in a second 

membrane or receptactdum scolicis. 

This cyst or vesicle containing the head 
of the tape- worm is called a 'measle' or 
cysticercuscellulosae. The scolices have already 
tneir circlet of hooks, sucking-discs, water- 
vascular system, and calcareous granules. If 
the scolex reaches the stomach of a man, the Fio. 109. ctstickhcus 
cvst-membrane is dissolved, and from the cellulobab with the 

•^ , • J 1 J 1. • r 1 i.i.*J HEAD AND ITS MBMBEAKE, 

scolex IS developed a cnam ot proglottiaes, ^py^^ leuckart.- na- 
forming a new tape- worm. tural iUe) 
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243. Taenia solium inhabits the small intestine of man, and 
is acquired by eating ill-cooked pork. The corresponding measle 
is found in man and in the pig exclusively, or nearly so. In the 
intestine the worm is generally solitary, but cases in which two or 
more have coexisted are not very rare. In some instances from 
thirty to forty have been found in one person. The tape-worm 
gives rise to irritation of the mucous membrane, colic, and reflex 
nervous disturbances. 

The measle or cysticercus also occurs in man, as we have 
already indicated. It is found in the most various tissues, in the 
muscles, brain, eye, skin, &c. Its pathological significance depends 
on its seat ; but it is usually slight. Even in the brain it does not 
always ^ve rise to serious consequences. It excites a local in- 
flammation, which induces a fibrous thickening of the tissues round 
the cyst. It maintains its vitality for years. After the death of 
the scolex the cyst shrinks, and chalky masses are deposited within 
its cavity. The booklets may be found long afterwards. Cystic 
infection depends necessarily on the introduction of eggs or pro- 
glottides into the stomach. 

Cysticercus racemosus is a measle of the brain. It is distinguished by the 
fjEust that it remains sterile and forms grape-like bunches of vesicles (Heller, 
ZiemsseiCs Cyclopaedia vol. in ; Zekker, HenUs BeUrdge Bonn 1882). 

Abnormalities of development are very often observed in individual tape- 
worms. 

244. Taenia inediocanellata or saginata exceeds T, solium not 
only in length (it may reach 4 metres) but in width and thickness, 
as well as in the size of the separate proglottides (Fig. 110 p. 340). 

The head (Fig. Ill) has neither booklets nor rostellum. Its 
vertex is smooth and furnished with four large sucking-discs, 
usually surrounded with a dark pigmented border. 

The eggs are like those of T, solium. The uterus (Fig. 112) 
has a large number of lateral diverticula, running close to each 
other and branching dichotomously, not like T. solium in dendritic 
ramifications. The genital opening lies below the middle of the 
lateral margin. The segments wmch break loose are generally 
empty of eggs. 

The corresponding cysticerci infest the muscles and organs of 
cattle. The development follows the same course as in the case of 
T. solium. Malformations of the worm are very frequently observed. 

Man acquires this tape-worm by eating uncooked beef. It is 
more widely diffused than T solium. 

Taenia ciicumerina or dliptica is 15 to 20 cm. long : its head has a circlet 
of hooks and a rostellum. It is often found in cats and dpgs, rarely in man. 
Its cjrsticercuB infests the dog-louse. 

Taenia nana is a small tepe-worm 15 mm. in leneth : its head has four 
sucking-discs and a circlet of hooks. It has b^n found in Egvpt. 

The frequent malformations to which Taenia is subject nave led to the 
multiplication of species, or rather of specific names. Many of these refer to 
what are at best mere varieties. 
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Pw, 110. FUOMBMTI or i. TAEBIA SAGIlfATj 
{FrOBi LBUCKART: natural $ite) 



FlO. 111. HxiD or TAESIA BAOIHAT, 

SUCUNO-Discs. ( Umtaintd glycerine preparalUm : x 30) 



FtO. 113. SboIUMT or TAF.XIA SAOifATA. (J^Vom LEVCKART: X 1}) 
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245, Taenia echinococcus inhabits the intestine of the dog. 
It is 4 mm, long, and possesses only four segments, of which the 
last ia larger than all the rest of the body (Fig. 113). 

The hooklete have a blunt process at the a 

base, and are seated on a somewhat prominent 
rostelluDL There are some thirty or forty 
of them. 

Only the cystic form or hydatid is known to 
occur in man ; he acquires it by the introduc- 
tion of the e^s into the alimentary canal. 

When the embryo migrates from the in- 
testine to some other organ, it ia transformed 
into a cyst incapable of active motion. The 
hydatid cyrt consists of an external lamellar 
highly-elastic cuticle, and an internal lining of 
body -parenchyma consisting of granular matter, 
cells, muacle-fibres, and a vascular system. 
When the cyst reaches the size of a walnut 
(or in some cases sooner) it begins to develope 
from the parenchymatous layer a series of F,a^ ug, fou^bowii 
smaller vesiclea (brood-capsules). The wall taetha kchisocovccs. 
of these ia likewise two-fold; but the cutieular (PromLEucKAaiiy.l^) 
layer is within and the parenchymatous layer without. On these 
brood-capsules develope numbers of heads or scolices (Fig. 114). 
Aixording to Leuceabt thev are formed out of sacculated out- 
growths from the external wful of the capsules (see the left side of 
tig. 114). 

When the rudimentaiy head has become tuUy developed into a 
scolex (sometimes even sooner), it is retracted within the cyst 
which it thereby invaginat«8 (Fig. 114). What was before the 




internal or cutieular surface of the head now becomes the outer 
surface. The original outer surfaces, which are parenchymatous, 
come now into contact and adhere to each other. The head is then 
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about 0'3 mm. long, and has a rostelltim with tiny blnnt booklets, 
four sucking-discs, a water-vascular system, and numerous calcareous 
^[ranules in its parencbyina. The fore-part of the body is often 
inv^finated within the hind-part 

in many cases these echinoooccus-cysts remain single. The 
only change they undergo is that they grow laiger as fresh capsules 
and scolices are formed, so that they at length reach the size of a 
big orange, or of the closed fist. The surrounding tissues fonn, by 
condensation and thickening, a pseudo-cyst round the cuticular 
membrane. The cavity of the C}rst is filled with clear liquid 
which is not coagulablc by heat or acid. The brood-capsules are 
always seated on the inner sur&ce, unless they are shaken loose 
mechanically. They appear as small white points lying in the 
transparent parenchjrma. Occasionally the cyst may remain al- 
together sterile. 

246. In many cases 'daughter-cysts' are formed They de- 
velope in the thickness of the cuticle independently of the proper 
parenchymatous layer. Between two lamellae of the cuticle is 
formed an a£;^gregation of granules which becomes surrounded 
with a secondary cuticle. Tliis forms the starting-point of a new 
series of layers. As the layers multiply the inner cavity increases 
in size and its contents at length become clear and liquid. As the 
daughter-cyst grows it forces out the wall of the parent cyst like a 
hernial sac, until it at length gives way and sets the daughter- 
cyst free. Escaping thus into the tissues round the parent cyst it 
receives from them an external fibrous envelope, ana proceeds to 
develope brood-capsules in the same way as the primary cyst 
derived from the six-hooked embryo. 

An echinococcus which is thus reproduced exogenously is called 
Echinococcus granulosus or scoledpariens (Kuchenmeisteb). It 
is also described as E, veterinorum, as it often occurs in domestic 
animals. 

A second compound echinococcus is the E. hydaJtidosus, It is 
characterised by the formation of internal daughter-cysts. Naunyn 
(Dorpat med. Zeitsch. 1870) asserts, and Leuckart agrees with 
him, that the scolices and brood-capsules may undergo a cystic 
transformation, and so become daughter-cysts. Naunyn goes on 
to say that these endogenous daughter-cysts may migrate fit)m the 
parent cyst and so produce the E. granulosus ; but this Leuckart 
disputes. The internal daughter-cysts sometimes develope daughters 
of their own or * granddaughter-cysts.' Elach of the cystic forms of 
which mention has been made may reach to a very considerable 
size. 

247.. The third form, or Echinococcus muUHocularis, only forms 
small cysts, from the size of a millet-seed to that of a pea. They 
are always present in veiy large number. ^ 
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The E. mtdUlocidaris appears as a hard tumour seated in the 
liver. It is built up of a multitude of alveoli separated by dense 
scar-like fibrous tissue. The contents are transparent and jelly-like 
or semi-fluid. The alveoli are spherical or irregular in form. Here 
and there the tissues may have softened and broken down, and 
thus ulcerated cavities are formed. In other places the vesicles 
are shrunken and calcified, or the tissues are bile-stained. The 
distinct alveolar texture of the growth led to its being regarded as 
a tumour, and it was described as alveolar colloid of the liver. 
ViRCHOW (Verh, d. phys, med. Ges, zu Wilrzburg vi, 1855) was the 
first to make out its real nature, and he showed that the colloid 
masses were made up of echinococcus-cysts. The smallest vesicles 
merely contain granular matter, the larger contain liquid The 
granular pseudo-parenchymatous covering of the cuticle seldom 
contains scolices, most of the cysts being sterile. 

E. muUilocularis is possibly an abnormal variety or ' sport ' fi-om 
the exogenoufi form. 

References : — Virchow, Vtrch. Arch. vol. 6 ; Leuckart, Farcuiten vol. i ; 
Klebs, Handb. d, path, Anat. ; Bollinger, DeuUche ZeiUch, f, Thiermed, n, 
1875 ; Proujeanskt, Die mvltUoculUre EchmocoocwgeschvmUt tn. Diss. Zurich 
1873 ; Morin, Deux cos de tumeurs d 4chinocoq%Les In. Diss. Berne 1875 ; 
HuBER, Arch, f. kltn, Med. i, iv, v, xxix. Waldsteik ( Virch. Arch, vol 83, 
with beautiful illustrations) brings forward evidence to show that the cUa- 
semination of the echinococcus may be effected through the lymphatics of the 
liver. He gives full references to previous memoirs. 

248. The occurrence of hydatids in man implies that the eggs 
of the corresponding canine tape-worm have somehow gained 
access to his body. The liver is tne commonest seat, but hydatids 
are found in all organs. Apart firom the local inflammation and 
fibrous hyperplasia they induce, they often cause no trouble to the 
patient. When a hydatid reaches a certain size, it sometimes dies 
and the cyst shrivels up. Its contents are changed to a fatty or 
cheesy mass, often becoming mortar-like as it calcifies. The hooks 
remain for a long time uncnanged. 

In other cases the hydatid becomes larger, especially when it 
forms exogenous or endogenous daughter-cysts. It may then 
become dangerous by its mere size. Sometimes if the cyst is 
wounded or bursts, its contents pass into one or other of the 
body-cavities and set up severe inflammation. It may even 
break into a blood-vessel. In the most favourable case it breaks 
into the intestine or upon the exterior of the body. 

The Echinococci are widely diffiised, but not very iBrequent: 
they are commonest in Iceland, where the inhabitants are in 
constant contact with their dogs. It is somewhat surprising that 
the multilocular variety is chiefly observed in Switzerland and 
Southern Germany. 

Neisser gives a summary of the various cases of hydatids that have been 
published {Die Echinococcus-hrankheU Berlin 1877). See also Perls, Handb. 
a, aUgt Path. i\. 
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249. Botkriocephalua lotus is the laigest of humsn tape-worms. 
It measures 5 to 8 metres in 



length, and consists of three to 
four thousand short wide seg- 
ments (Fig. 115). The largest 
segment is about 3'5 mm. fong 
and 10 to 12 mm. broad. To- 
wards the 'tail' the breadth 
diminishes and the length in- 
creases. The body is thin and 
flattened like a ribbon. The 
central part of each segment pro- 
jects somewhat; it is here that 
the uterus Ues, in the form of a 
simple tube coiled into numerous 
convolutions. When this is fiill 
of eggs the coils lie in contiguous 
loops, forming a kind of rosette. 
The eenital openings are in the 
mesial line of the ventral surface, 
somewhat anteriorly ; the female 
opening being close behind the 
male. 

The testis consists of a series 
of sacculations lying along the 
lateral margins of the central 
layer of the body. The general 
structure of the body resembles 
that of the Taeniada. 

Anteriorly the worm becomes 
gradually more and more slender 
and at length thread-like. The 
head, which is 2'5 mm. long and 
1 mm. broad, is club-shaped or 
oval in outline, and somewhat 
flattened. Along each lateral 
margin is a chimi-like suctorial 
groove. 

The eggs (Fig. 1 16) are oval ; they measure 0*07 mm. by 0045 mm. 
They have a thin brown shell furnished at the anterior pole with a 
lid or cap, which is in general easily seen. ~ 

if. l(Uu8 occiirs chiefly in Switzerland and 
in the north-east of Europe : it is occasionally 
met with in Ireland. It lives like the Taeniada 
in the small intestine. The first development 
of the ^gs takes place in water. After some 
months an embryo is hatched, which is pro- (leuckarv 

vided with six booklets and a ciliated cuticle. One ia «mptied of iti 
oontonts anduiowBtbelid. 




Fio 116 FsiaioarTB or a 

BOTH RIOCBPH ALUS LAIVB. 

(From LEVCEART : natural tite) 
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This enters the body of the pike, the trout, or the eel-pout {Lota 
vulgaris) (Braun, Virch. Arch. vol. 88), and developes in tne muscles 
or viscera into an asexual tape-worm. If it thence reach the 
alimentary canal of man, it proceeds to develope Airther and 
becomes sexually mature. 

It has been maintained that B, lotus represents the mature form of the 
cestoid of the trout, known as Liguia nodosa. See Duchamp, Les Ligvles 
Paris 1876 ; Kiesslino, Troscheffs Arch, 1882. 

In Greenland another form, B, cordatvs^ occurs. It is only 1 metre long 
and has a heart-shaped head. 

B. cristcUtu, 2 to 3 metres long, with a crest-like rostellum, has been found 
in France. 

Protozoa, 

250. Protozoa are not rarely found in the cavities of the 
body accessible from without, such as the mouth, lunss, intestine, 
vagma, &c. : they are most common in patients sunering from 
chronic disease. The forms observed belong to the Bhizopoda, 
Infusoria, and Psorospermia or Sporozoa, respectively. 

Of parasitic Amoebae one species only has been described, the 
Amoeba colt. It occurs in the intestine, and is simply a motile 
cell with a granular protoplasm containing a nucleus and several 
viacuoles. 

L68CH and Sonsino found the Amoeba ooli in the dejections of a patient 
suffering from dysentery. 

Among Infusoria the Ciliata and the FlageUata are repre- 
.sented. Pdramoedum (or Balantidium) coli is a large ciliated 
organism occasionally met with in the larcfe intestine and in the 
faeces. Cercom^mas intestinalis (Dayaine) is a pyriform inftisorian, 
with a spine-like process at its smaller end and a flagellum at its 
larger end. It is found in the intestine in cases of catarrh, of 
typhoid, and of cholera. Kannenbero discovered Cercomonas in 
the sputa from a patient affected with gangrene of the lungs. In 
the same sputa he also found Monas lens, a spherical fla£^ellate 
infusonan. Trichomonas is another flagellate infusorian ; it is oval 
in shape and provided with a comb-like row of cilia. One species 
{T, vaginalis) is found in the vagina, another (T, intestinalis) 
in the intestine. 

These protozoa are not to be regarded as the exciting cause of 
the affections with which they are associated. They may possibly 
however inaintain or intensify the morbid processes, when present 
in considerable numbers. 

Of parasitic Psorospermia we have here to mention the 
Coccidia, According to Leuckart, they are when young simple 
non-capsulated inhabitants of the epithelial cells. When they 
reach maturitv they become invested with a kind of mem- 
branous capsule. In this condition they leave their first lodging, 
and generally their host at the same time. Their contents are 



346 



PARASITES. 



[sect. vn. 





then transformed into 'spores' containing granular masses and 
peculiar rod-like emb^omc forms. The spores are round or ovoid. 
Cocddium oviforme (Fig. 117) is a parasite of the intestine and 
bile-ducts, especially those of the rabbit. In a few cases it has 
been found in the human subject. It leads in the liver of the 
rabbit to the formation of whitish nodules, which may be as large 
as a hazel-nut. The nodules consist of a puriform or cheesy mass, 
containing multitudes of coccidia. The granular contents of the 
coccidium are uniformly spread throughout its body, or rolled into 
a ball in the middle of it. The changes produced in the human 
liver by the presence of the para- 
site in the few cases observed have 
been similar to those met with in 
the rabbit 

Our knowledge of the organ- 
isms known as 'Miescher's cylinders' 
or ' Eainey's corpuscles * is still very 
defective. They are cylindrical or 
tube-like bodies found not infre- 
quently in the muscles of the pig, 
ox, sheep, and mouse. They con- 
tain an umumerable multitude of 
small oval or reniform corpuscles. 
Nothing is known of their effect 
on the human system. 

References to memoirs on Coccidia and Fsorospermia generally : — 
Leuckart, Die Parasiten des Memchen, 2nd Ed. ; Lieberk^hn, Arch,/. Anat.. 
u. Phys. 1854 ; Eiher, Ueber die ei- oder hi^gdiormigen. Psarospermien der 
Wirhdthiere Wurzburg 1870 ; Klebs, Virch. Arcn. vol. 32 ; Stieda, U^. die 
Psarospermien d. KaniiuihenUher^ Virch, Arch, vol. 32 ; Waldenbcrq, ibidem 
vol. 40 ; RivoLTA, Deiparasiti vegetali Turin 1873. 

According to our present inrormation the parasitic protozoa take no 
important share in the production of human disease. It is however not 
impossible that further research may considerably alter our views in this 
regard. This is perhaps suggested by the fact that animal parasites are every 
now and then detected in the blood of vertebrate animals. Thus Rattio (In. 
Diss. Berlin 1875) describes a ciliated infusorian in frog's blood Klebs 
{Eidenbur^s Realencydop. Art. Flagdlata) has found in the blood of scurvy- 
patients very minute organisms, wmch he refers to the Infusoria and names 
Cercomonas gtohvlits and C, navicvla^ Lieberkuhn {U^, Beweguna, d, 
Zelleyi Marburg 1870) found an amoeba (A. rotatoria) in frog's blood. Lewis 
(Quart. Joum. micros. Science xix, 1879) found in rat's blood, and Wittich 
{Centralb. f. med. Wise. 4, 1881) in hamster's blood, a mobile organism 
resembling the spermatozoon of the frog. Koch (Mitth. a. d. t. Oesundh. 
Berlin 1881) describes a fusiform granular-looking structure with one or two 
flagella Ibund in hamster's blood He regards it as a flagellate infusorian. 
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Bchizomycetes ch. xxx, 212 

scirrhous cancer 173 

sclerosis (fibrous hyperplasia) 82, 111, 

129 
sderotium 217 
scolecida 227 sqq 
scolex 242 
scrofula 127 
seat-worm 229 
senile retrogression 45 
sepsin 191, 197 
septicaemia, Davaine's 204 

from saliva 204 

^— — micrococci in 204 

'■ of mice 201, 204 

Pasteur's 188, 204, 206 

septic poison 191, 197 
sequestrum 115 
serous catarrh 102 

exudation 102 

Siamese twins 12 
silkworm-diseases 204 
silver-staining 70 
simple cancer 173 
siren-monster 10 

situs -transversus (inversus) 11 

skin-diseases, fungi in 222 

skin-grafting 84 

slough 115 

small-pox, micrococci in 204 

softening 40 

soil, anthrax-spores in, 206 



soil, bacteria in 193 
somatic death 32 
' specific inflammations '117 
specific nature of tissues 77 
spermatozoid 218 
sphacelus 42 
sphaerobacteria 184 
spina bifida 7 
spina ventosa 135 

spirillum of relapsing fever (see spiro- 
chaeta Obermeyeri) 207 

tenue 187 

undula 187 

volutans 185, 187 

spirobacteria 184, 187, 207 
spirochaeta dentioola 187 

Obermeyeri 185, 187, 207 

sporangia 214, 215 

sporangiophore 215 

spores of mould-fungi 213 

sporozoa 250 

squamous epithelial cancer 173 

staining, post-mortem 21 

stasis (as a cause of necrosis) 33 

sterigma 216 

stemopagi 12 

St Gothard tunnel, anchylostoma in 231 

stigmata 27, 97 

stimuli, action of, on cells 79 

stomach, fungi in the 221 

stomata 27, 97 

stomoxys calcitrans 226 

storage-fat 58 

streptobacteria 185 

streptococci 185 

strongylus duodenalis 231 

— — — longevaginatus (bronohialis) 

231 
strumous inflammations 204 
suctorial worms 236 
sugillations 26 
supernumerary bones and muscles 16 

mammae 16 

suppuration (see pus) 112 
symptomatic anthrax 206 
sympus 10 
syncephalus 12 
syndactylus 10 
synophthalmia 7 
synotia 8 
syphilis 128 sqq 

micrococci in 206 

tabanida 226 

taenia cucumerlna 244 

echinococcus 245 

elliptica 244 

malformations of 243, 244 

- — - mediocanellata 244 

nana 244 

saginata 244 

^— solium 241 

tape-worms 240 sqq 
tarichinm megaspermum 222 
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tatooing 70 

telangiectasis 152 

temperature, effect on bacteria 189 

moulds 219 

teratoma 13, 178, 179 

textoral changes in inflammation 99 

varieties of 108 

thallopfaytes 212 
thoracic duct, rupture of 81 
thoraoogastroschisis 9 
thoraoopigus 12 

parasiticus 18 ' 

thread-worm 229 

thrombosis 29 

* thrush ' 224 

tinea 222 

tipulida 226 

torula228 

trematoda 236 

tricephali 16 

triohma spiralis 232, 233 

trichooephalus dispar 230 

trichomonas 250 

trichophyton tonsurans 222 

triplets, homologous 16 

tuberaoeae 216 

tubercle 118 sqq 

clinical characters of 125 

crude 121 

definition of 118 

inoculability of 125 

miliary 118 

tuberculosis (see bacillus tuberculosis) 

118 sqq 

acute miliary 128 

bacUlus of 120, 127, 186, 206 

diffusion of 121, 122. 124 

of lymphatic glands 122 

transmissibility of 125 

tuberous tumour 137 

tumours Sect. VI 

aetiology of, oh. xxvixi 

cachexia of 141 

Cohnheim*s theory of 177 

congenital 178 

definition of 136 

growth of 139 

malignancy of 1-10 



metastasis of 140 



tumours, yarieties of form in 187 
twins, homologous 12 
typhoid fever, bacilli in 206 
tyrosis 39 

nicer 102, 115, 116 

cancerous 175 

tuberculous 121 sqq 

umbilical oord, withering of 41 
umbilication in cancer 175 
nrobilinnria 68 

uterine fibroid 142, 158 

vaccination 201 

in anthrax 201 

vaccinia, micrococci in 204 

valgus (pes) 11 

varicocele 151 

variola, micrococci in 204 

varix, anastomotic 151 

varus (pes) 11 

vibrio 186 

serpens 185 

vibrion butyrique 186 

vessels, dilated in inflammation 96 
vessel-walls in inflammation 97, 98 
virus, attenuation of 201, 211 

of tubercle 126, 127 

viscera, transposition of 11 
vitelligenous organ in taenia 241 
vitreous degeneration 68 

warts, congenital 156, 179 
waxy degeneration 38 

liver 57 

whip-worm 230 
witches'-brooms 220 
wood-tick 225 
woolsorters* disease 206 
worms 227 sqq 
wound-infection 204 
wounds, healing of 107 

xiphopagi 12 
yeast-fungi 228, 224 

zoogloea 184 
zygospore 213, 215 
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